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Esptrinent  lU  investiggted  the  concentretinn  of  o-tocopherol  in 
plasiBe  end  tlsouee  of  boot  cows  following  a ^alLy  oral  adoinlstracion  of 
lOOO  lU  of  four  cocophorol  aources  for  28  d.  Tbo  d-o-tocopSerol  and  its 
ecotaia  ester  increased  plasma  tocopherol  concentratlona  faster  (P<,05) 
than  the  raceaic  products,  with  the  greatest  reeponae  occurring  with  d-o- 

liver  end  lung.  o>tocopherol  concentrations  were  higher  (Pd.OS)  following 

In  eiperinent  IV,  dl-o-cocopherol  and  its  ester  were  administered  to 

in  Che  dl'o-tocopherol  group  than  in  its  ester  form,  as  well  as  quicker 

greater  (Pd.OS)  plasma  tolerance  curve  area  was  observed  in  the  cattle 

In  erperlBient  V plasma  and  tissue  vitamin  E conceocratioos  were 

sheep,  which  were  slaughtered  on  d 3,  8,  10,  13  and  28  post  doalng. 

There  was  a slgoificanC  time  effect  for  all  tissues,  while  in  most,  the 

Rate  of  uptake  of  vitamin  E varied  for  different  tissues,  with  liver, 
spleen  and  lung  shoving  a pronounced  uptake  and  muscle  showing  least. 

Comparing  the  established  biologicel  potennies  (lU/ag)  of  the 
various  tocopherol  sources  to  the  estimate  values  for  ruminants  ars  as 
follows,  respectively:  d-a-tocopherol  (1.19,  3.60)t  d-o-tocopheryl 
acetate  <1.36,  2.58);  dl-o-Cocopherol  (1,1,  1.37). 


adainlstered  to 
higher  (P<,05) 


Experimeht  III  investigated  the  concentration  of  e-cocopherol  in 
plesns  and  tissues  ol  beef  cows  following  a dally  oral  sdainiacraticm  of 
1000  10  of  four  tocoferol  sources  for  28  d.  The  d-o-tocopherol  and  its 
acetate  ester  increased  plasma  tocopherol  concentrations  faster  (P<.0S) 
than  the  racesic  products,  with  the  greatest  reaponae  occurring  with  d-a- 
tocopherol.  Tissue  analyses  confirtaed  that  in  sdrenal  gland,  kidney, 
liver  and  lung,  o-tocopherol  concentraclona  were  higher  (P<.05)  following 
d-o-than  dl-o-cocophercl  aupplementatlon, 

sheep  or  csttle  <100  or  50  mg/kg  b.w. , respectively) 

in  the  dl-o-tocopherol  group  than  in  its  eater  fom, 

(PC, 05)  tine  (h)  for  navijnum  plasina  o-tocopherol 
greater  (PC, 05)  plasoa  tolerance  curve  area  was  observed  In  the  cattle 
following  administration  of  dl-o-tocophsrol  than  its  acetylated  form. 

In  esperiment  V plasma  and  tisaue  vitamin  E concentrations  were 

sheep,  which  were  slaughtered  on  d 3,  6,  10,  IS  and  28  poet  dosing. 

There  was  a significant  time  affect  for  all  tissues,  while  in  most,  th« 

spleen  and  lung  showing  a pronounced  uptake  and  muscle  showing  lease. 
Comparing  the  established  biological  potencies  (lU/mg)  of  Che 

acetete  (1,36,  2.56);  dl-o-cocophercl  (1,1,  1.37), 


CHAFTEK  I 
INTRODUCTION 


a diet  containing  all  Che  vitaoina  known  at  that  tine  failed  Co 
(Evans  and  Bishop,  1922;  Mscclll  and  Ccolln,  1920;  Sure,  192k). 

was  characteriaed  as  a vicanin  by  Evans  and  Bishop  (1922)  and 
deslgnaced  vicaaln  E.  Evans  et  al.  (1927),  who  found  chat  the 

oiaterial  for  ohenlcel  investigation,  and  isolated  (1936)  frean  wheac- 

vitanin  E activity. 

The  naiaa  tocopherol  originated  from  the  Greek  Cocoa  (childbirth), 
phero  (to  bear)  and  ol  (alcohol).  Two  yeara  later,  its  structure  was 
elucidated  (Fernhola,  1936),  and  shortly  thereafter  it  was  synthesiaed 
(Karrer  ec  al,,  1938),  During  Che  period  1930-1950,  aniltiple  varied 
deficiency  disorders  of  anlnals  were  reporCed  Co  be  cured  by  vicanin 
E.  Work  by  Schwarz  and  Folz  (1957)  led  to  the  IdenCificatlon  of 
aeleniuEi  as  the  (actor  other  than  viceoln  E that  could  also  prevent 
the  degeneration  of  liver  in  rats.  Dose  of  seleniun  required  for 
oonpleCe  protection  against  liver  degeneration  was  about  one 


five-hundr«dth  that  of  vitaain  E.  Biological  pocanciaa  of  various 
aourcea  of  vitaoin  £ have  Been  esceblishad  pritoarily  through  the  rat 
fetal  resorption  assay  (Hason  and  Harris.  19d7).  Froei  this  assay  the 
follovlng  biological  potencies  were  established!  1 eg  of  dl-o- 

tocopheryl  acetate  ■ 1.36  lU:  1 mg  d-o-tocopherol  ■ 1,49  lU. 

biological  activity  of  various  vitamin  E compounds  in  species  other 
than  rets,  and  specifically  humane  (Horvitt  et  al.,  1984;  Baber  et 
al..  1986), 

In  ruminants,  although  much  is  known  about  clinical  signs  of 
vitamin  E deficiency  {Rice  and  HcHurray,  1982},  very  little  attention 
has  been  given  to  the  different  potencies  of  various  vitamin  C 
compounds.  This  dissertation  is  particularly  concerned  with  the 
biologies!  activity  of  various  vitamin  £ compounds  in  ruminancs  as 
well  as  the  effect  of  mode  of  odmlnistracion  and  Us  type  of  vehicle. 


CH»PTE»  2 

REVIEW  OF  LITERATURE 


Chwvlsirv  of  Viceulti  E 

Structure 

The  tern  "vLtauiin  E"  todey  applies  to  a group  of  related  chemical 
conpouads,  the  tocopherols  and  tocotrienole.  The  structural  foroula 
of  o-tocopherol  is  indicated  in  Figure  2.1, 


FIGURE  2.1.  STRUCTURAL  FORHULA  OF  o-TOCOPHEROL 
The  following  tocopherols  <Fig.  2.2)  and  tocotrlenols  (Fig.  2.2} 


Toc&Dhgrals 


Chgffical  Saao 


o-Tocophgrol 

8-Tocopharol 

V-Tocopherol 

^-Tocophepol 


CRa  5,7,0-TrjMChyltocol 

CR^  5,8-DiBethyltocol 

Ol?  7,y-Dlnethyltocol 

CH^  R^thyltocol 


FIGURE  2.2.  STRUCTURAl  FORMULAS  OF  TOCOPHEROLS 


Tocotrienols 


S-Tocotrienol 


5.7.8- Trinethyl cocotrienol 
5,S-DisietSyltocotrienal 

7.8- Dlftethyltocotrienal 
S-methyltocotrlenol 


2.3,  STRUCTURAL  FORMULAS  OF  TOCOTOIENOLS 


iw  that  vStwoin  E exists  as  eight  plsnt- 
e coooon  ^-chronasal  ring  structure  but 
.r>  and  nunber  ef  sethyi  groups.  The  four 

.1'  of  the  phytol  side  chain.  The  eethyl 
ing  BC  positions  5.T.8  C®-).  5.8  (S-).  T,8 

The  tocols  contain  three  ssyoBietric  carbons  specifically  at  Che  2 
position  (Fig.  2.4)  in  the  ring  and  in  the  4*  and  8'  position  of  the 
side  chain,  thus  giving  a total  of  eight  possible  optical  isoaers, 


FIGURE 


4S1WETRIC  aSBONS  OF  TCCOPHEROLS 


The  roeotrienals  possess  only  one  cents 
addition  Co  sites  of  peoneCrical  Isonerlsnt  at  C^'  and  C-j' . Thus,  a 
number  of  sterec-isoBors  of  the  toccpherols  end  tocotrlenols  can 
exist,  hatural  e-tocopherol  uas  shown  conclusively  Co  have  the  2S, 
4'R,  d'R  configuration  {Table  2.1).  Thus.  RRR-o-tocopherol  can  be 
used  to  denote  the  natural  tocopherol  isomer.  The  epiner  of  natural 
o-tocopherol,  i.e.,  (2S,  A'R,  8'R)*o-tocopherol  can  be  named  2-epi-n- 
cocopherol.  a mixture  of  RRR  and  SRR-n-tccopherol  can  be  obtained 
synthetically  and  is  named  2-ambo-a-tocopherol  (aixbo  - Latin  for 
both).  The  reduction  product  of  natural  n-toccpherol  is  a mixture  of 
four  diastereo-isomeric  o-tocopherols  and  can  be  called  4'  ambo.  8' 

isophytol  is  a nixcure  of  four  racemates  in  edual  prcporciona  and 

Blerl  snd  Privsl  {1467}  reported  chat  a groap  of  synthetic 

reported  were  o*.  B-,  and  v-Cocopheramlnes  and  N-fflechyl-6-.  and  R- 
lathyl-y-tocopheremlnes.  The  cocopheranlne  derivatives  differ  from 

substituted  for  Che  hydroxy  group  on  Che  C-6  of  Che  ring. 


Chemicai 

Karrer  at  al.  {1938)  were  the  first  Co  synthesize  o-tocopherol  by 
condensation  of  crimechylhydropulnone  with  phytyl  brcxxlde.  Phycyl 
bromide  was  soon  replsced  by  the  natural  phycol  (Karrer  end  Islar, 


2S,4'B.8'B 


Synthetic  dl-Ei-tocopherol  and  its  eacera  are  prepared  froo 
iaophytal.  Thia  ayntheais  yields  a mixture  of  eight  ledoiars.  Although 
semi-synthetic  dl-o-tocopherol  is  racemic  only  at  carbon  2 ea  prepared 

research  though  it  la  not  a connercial  source  of  vitamin  E. 

Although  conclusive  proof  of  the  biosynthetic  route  ia  still 

hy  the  pathuay  presented  in  Figure  2.5  (Whistance  and  Threlfall,  1967, 
1968).  Hethylacion  of  Che  ring  structure  by  methyl  transfer  from 
methionine  and  formation  of  an  initial  iaoprenoid  side-chain  from 
mevalonic  acid  completes  the  Eornatlon  of  a tococrlenol  (Griffiths  et 

el..  1966). 


Both  d-o-tocopherol  (RRR)  and  dl-o-tocopherol  (all-rac)  are 
practically  Insoluble  in  vater  but  are  almost  completely  soluble  in 

solvents.  All  tocopherols  are  stable  to  heat  and  alkali  in  the  absence 
of  oxygen  and  are  unaffected  by  acids  up  to  lOO'Cj  they  are  alowly 
oxidised  by  atmospheric  oxygen,  o process  which  Is  increased  rapidly  by 
heat  and  catalysed  by  ferric  or  silver  salts.  On  exposure  to  light, 
the  tocopherols  gradually  darken,  They  ere  not  preclpltaced  by 
digitonin.  The  commercial  forms  of  vitamin  £ are  d-o-cocopheryl 
acetate  and  dl-o-tocopheryl  acetate. 


BIOSyNTOESlS  OF  THE  BIKG  STRUCTURE 
TOCOPHEROtS  AKO  TOCOTRIENOLS 


2.5  to  3,S"C: 


Y-tocopherol 


92. 


boiling  point  at  0.1  otv  210-210"C.  Tocopheryl  esters  ere  sore  stable 
CD  oxygen  bot  cannot  {unction  as  snCi-oxieancs  In  this  fors. 

Metabolic  Desradstlon  Products  of  Tocopherol 

and  has  been  reviewed  by  Kasparek  (1960).  Complete  chemicel 
degradation  of  Che  tocopherol  molecule  occurs  upon  treacmenc  with 
chroaic  acid  and  potassium  permanganate,  while  milder  oxidation  by 

sulphate  and  nitrogen  dioxide  leads  to  formation  of  o-cocopheryl 
quinone  (Fig.  2.6).  With  nitric  acid  and  ferric  chloride,  o-cocored 
(Pig.  2.7)  and  o-cocopurple  (Fig.  2.B)  ere  also  formed. 


FIOUBE  2.6.  STRUCTURE  OF  TOCOPHEKOL  qUINONE 


12 


CH,  3 

FIGURE  2.7.  STRUCTURE  OF  o-TOCORED 


STRUCTURE  OF  »-TOCOPURPLE 


Rbaorption  and  Stora«e  of  Vltaaln  E 

o of  absorption  is  similar  to  that  of  oc 
vitaains  (Ueber,  I9S3).  Its  absorption  is  closely  si 
that  of  fat,  and  is  accelerated  by  the  presance  of  bile. 

Excess  tocopherol  is  ellnlnated  in  Che  feces.  Siaon  et  ^ 
(1936)  observed  that  rabbits  receiving  a single  dose  of  10  to 
aethyl-C^^-d-o-tocopherol  succinate  eliminated  65Z  of  the  dost 
feces  in  3 days  and  SOX  in  6 days;  90Z  of  the  radioactivity  »i 


identified  as  free  a-tocnpherol  by  isotope  dilution. 


Kellers  and  Mebarnes  ( 
of  either  tocopherol  or 


that  the  vltanin  see  re-secreted  into  the  intestinal  tract  fro«  the 

(1963),  tfho  adninietered  the  ritaain  orally,  a second  Increase  in 

coprophagy  since  the  rats  had  tail  ci 

oetabolitea  was  introduced  into  Che  lurven  of  the  rat  guts  via  the  bile 
or  through  secretion  iron  oucosal  cells.  By  using  o-tocopherol 
labelled  with  radioactive  Shanta  {quoted  by  Herris  and  Ludwig, 
1999)  renarked  that  80f  of  the  vitamin  E given  in  oil  solution  was 
ercreted  in  the  feces  of  rats. 

Dju  et  el.  (1990)  observed  that  chickens  receiving  1 g of  o- 

d eliminated  73%  of  the  ingested 

e feces  {Pudslklewlcz  and  Hi 


a prolonged  pi 


cocopherol/dey  f< 

receiving  a diet  supplanented  w: 
only  eliminated  about  23%  ii 

Information  on  the  absorption  a' 

calves,  Blavter  and  Brown  {1952)  indicated  that  aboi 
tocopherol  added  as  the  acetate  to  a diet  of  dried  : 


concluaion  that  species  differ  in  their  ability  to  absorb  tocopherols, 
especially  since  greet  variation  has  been  reported  for  a single 


species.  Mso.  »lth  UMU  substsnce*  like  the  tticopherols.  > sleple 
feces  may  be  iseccurate. 

These  and  other  metabolic  studies  have  shown  that  tocopherols  are 
Incctnpletely  absorbed.  The  amount  absorbed  seems  to  depend  on  the 
requirement  of  the  organism  (Klatskin  and  Holender,  1952).  Absorption 

There  la  a linear  relation  betvcen  the  logarithms  of  Ingested  and 
liver  tocopherol  la  rats  (Bolllger  and  Bolllger-Qualfe.  I95h). 
Griffiths  (1960)  noticed  a linear  relation  between  the  logarithms  of 
serum  tocopherol  and  dietary  concentration  of  vitamin  E in  chickens. 

findings  are  contradicted  by  Gray  (1959).  who  found  considerably  lower 

chan  Griffiths  (I960)  found  In  chicken  serin. 

Work  of  Dju  et  al.  (1950)  with  hens  included  Che  observation  Chat 

compounds.  The  serum  tocopherol  values  of  two  hens  which  received 
weekly  supplements  of  1.6  g and  2.0  g o-tocopherol  were  20.0  and  20.1 

and  1.0  g d. tocopherol  had  serum  tocopherol  values  of  only  1.35  and 
2.1  mg  per  100  ml.  Gamma-tocopherol  appears  to  be  only  one-third  to 

supplemental  vitamin  £ (1200  lU/day  of  all-rac-o-tocopherol:  BOO  mg  n- 
tocopherol  equivalents)  In  adults  significantly  reduced  plasma  Y- 


Tocopherol  esters  ere  hjrdrolfse^  prior  to  ebsorpcion,  and  both 

tocopherol  is  absorbed  by  dilfuaion  from  a nixed  eicelle  of  fatty 
acids,  Donoacyl  glycerols,  bile  salts  and  acids,  cholesterol  and  other 

the  upper  and  Biddle  thirds  of  the  small  intestine  (Hollander  et  al., 
197S).  After  crossing  the  brush  border  into  intestlnsl  mucosal  cells, 
tocopherol  is  not  re-esterified  but  is  incorporated  as  the  alcohol 
Into  chylomicrons  in  mammals  and  enters  the  plasaa  via  the  lymphatic 
system  (Behrens  et  al.,  I9B2). 

Desai  et  al.  (1965)  shoved,  in  confirmation  of  studies  by  Weber 
et  al.  (1962)  with  rats,  that  l'0>tocopherol  was  absorbed  as  veil  as 
or  better  chan  the  d-fom  of  Che  vitamin.  It  appeared  therefore  chat 
the  differences  in  biopotency  must  be  due  Co  differences  in  retention 
whereby  the  d-epimer  is  retained  much  better  than  the  1-epiiaer  in  the 


blood  and  perhaps  in  other  tissues  of  the  body.  The  results  Indicated 
the  existence  of  an  active  carrier  of  d-e-tocopherol  in  the  blood  and 
tissues  vhlch  has  a greater  affinity  for  the  d-epimer  chan  for  l-o- 
tooopherol.  Becencly  it  has  been  reported  chat  apeclflc  binding 
proteins  exist  for  o-cocopherol  in  the  cytosol  and  nuclei  of  rat  liver 
tissue  (Ceclgnunl  et  al.,  1977;  Gusrnieri  et  al.,  1980  Prssad  ec  al., 
1980)  as  veil  as  in  human  erythrocytes  (Bltabachi  and  Wlmalasena, 

1983)  vhlch  are  fairly  specific  for  the  natural  stereoiaooer.  The 


exact  nature  of  the  binding  of  o-tocopberol  In  the  cell  is  an  elusive 
problets  which  needs  investigation.  Experioients  by  Desai  and  Scott 
(196il  and  Scott  (1965),  conparlng  Che  oral  administration  of  d-  and 
1-o-tocophery]  acetates  in  the  presence  of  graded  levels  of  dietary 
selenium,  indicated  that  selenium  is  involved  in  some  unknown  way  In 
the  retention  of  d-o-tocopherol  in  plasma.  It  remains  to  be 
determined  if  the  differences  in  plasma  levels  of  d-  and  1-eplmers  of 
o-tocopherol  are  Che  result  of  differences  (I)  in  rate  of  excretion, 
(2)  in  rate  of  destruction,  (3)  in  the  affinity  of  the  epimers  for 
specific  carriers,  or  (4)  in  chemical  activity  influenced  by 
structural  configurations. 

Callo-Torres  (1970)  reported  Che  obligatory  role  of  bile  for  the 
intestinal  absorption  of  vitamin  E into  the  lymph  of  rats.  Only 
negligible  amounts  of  radioactivity  could  be  detected  in  the  thoracic 
duct  Iym|d<  when  both  bile  and  pancreatic  Juice  were  absent  from  the 

The  lipid-bile  micelle  structure  Is  required  to  trensport  Che 
fat-soluble  vitsmln  E across  the  "unstirred  water  layer"  which 
represents  Che  aqueous  phsse  In  the  intestinal  lumen  Immediscely 
adjacent  to  the  brush  border  of  the  microvilli.  Vitamin  E la 
absorbed,  together  with  free  fatty  acida,  monoglycarldes,  and  ocher 
fet-soluble  vlcamina,  by  penetrating  Che  epithelial  cell  through  the 

Studies  on  absorption  and  transport  of  o-tocopherol  by  Davies  at  al. 
(1971)  sbowad  that,  for  normal  utilisation  of  absorbed  o-tocopherol. 
normal  lipoprotein  transport  mechanisms  are  involved,  Transfer  of 


vitamin  E from  cno  absorptive  cell  thus  reoulres  several  stages.  In 
mammals,  it  must  first  pass  though  the  lateral  or  basal  plasma 
membrane  of  the  cell,  then  through  the  basal  lamina  before  entering 
the  fluid  of  the  lamina  propria.  From  this  location  the  vitamin 
enters  Che  capillaries  of  the  lymph  and  is  transported  in  the 
chylomicrons  {Dobbins,  1975).  Apparently  only  small  amounts  of 
tocopherol  are  transported  from  the  intestine  via  the  portal  vein  in 

the  portal  vein  directly  to  the  liver  (Hachlin,  199A). 

The  abaorption  of  orally  fed  vitamin  £ follows  the  pattern  of 
lipids  in  general  and  of  fat  soluble  vitamins  in  particular  (Desai  at 
al.,  1965;  Wlss  et  al.,  1962).  The  specific  site  of  absorption  is  not 
well  established.  The  small  intestine  is  thought  to  be  the  major  site 

from  the  stomach  of  nonruminants  and  the  rumen  of  ruminants  {Blaster 


and  Brown,  1952;  Boles,  1967),  The  presence  of  vitamin  E in  both  the 
blood  and  lymph  of  animals  suggests  that  absorbed  vitamin  E can  be 
transferred  by  either  the  blond  or  lymphatic  route  {Holes,  1967). 

Uiss  et  al.  (1962)  ware  also  able  to  aatabllsh  a matbemetical 
relationship  between  the  logarithms  of  tocopherol  incske  and  plasma 

acetate  {2,000  to  20,000  lUAg  of  feed).  Using  [C^*]*dl-o-tocopheryl 
acetate,  they  demonstrated  that  maximal  liver  concentration  was 
reached  only  after  several  hours,  and  persisted  longer  than  the 
synthetic  ancioxidant  ethoxyquin  (6-ethoxy-l ,2'dihydro-2,2,4- 
crlmechylqulnoline),  which  attained  a maximum  within  30  min  bafore 


declining  rapidly.  Most  o£  the  tocopherol  ms  bound  to  the  structural 
cooponents  of  the  liver  cells,  prlrarlly  mitochondria  and  oicroaoneB. 

Vitamin  E is  transported  in  the  blood  via  lipoproteins.  A rapid 
exchange  among  lipoprotein  classes  occurs  with  vitamin  E after  it 
enters  the  circulation  via  the  chylomicrons.  Since  plasms  tocopherol 
level  Is  correlated  with  the  total  plasma  lipid  content,  low  density 
lipoprotein  (LDL),  the  most  common  lipoprotein  in  human  plaana, 
carries  most  of  the  plasma  vitamin  E.  There  is  also  a rapid  exchange 
between  tocopherol  in  the  erythrocyte  membrane  and  lipoproteins  such 
that  approximately  20Z  of  the  plasma  tocopherol  concentration  is 
carried  by  red  blood  cells.  Delivery  to  other  tissue  cells  appears  to 
be  in  association  with  the  receptor-mediated  uptake  of  LDL  (Traber  and 
Eayden,  19BC]. 

from  the  gut.  Pudelkiewict  ond  Hatterson  (1960)  reported  that  only 


.n  elfalEa  that 


' utillaation 
lets  antagoniatlcally 


;-soluble  compound 
o-tocopherol  decreasing  Its 


availability.  An  antagonistic  relationship  elso  exists  between 
sbaorption  of  vitamin  E and  unsaturated  fatty  acids  (Dunyan  at  al 


uptake  Is  facilitated  b; 


e uptake  of  vitamin  E 


tocopherol 


esCerifled 


(Krishnannirth;  and  Qderl, 


indtcaclng 


hydrolyaia  of  Che  eater  tooh  place  In  Che  digestive  tract. 

RosenVrante  ec  al.  (1951)  observed  that  apprositeately  83  of  o- 
tocopherol  given  to  human  subjects  was  recovered  as  tocopherol 
quinone.  suggesting  Che  oxidation  of  tocopherol  in  the  human  digestive 


although  large  doses  of  vitamin  E were  administered  (Klacshln  and 
Holander.  1952).  HcArthur  and  Ustson  (1939)  failed  to  detect  any 
tocopherol  in  cow  urine.  Simon  et  al.  (1956)  reported  that  about  133 


if  isotopic  vitamin  E.  Urinary  radio 
activity  was  not  attributed  to  o-tocopherol  or  cocopheryl  quinone  but 

were  subsequently  named  Cocophercnlc  acid  and  tocopheronolectone 
(Green  et  al.,  1967).  Work  by  Chow  et  el.  (1967)  confiraed  the 
findings  of  Simon  and  aaaoclaces. 

activity  was  in  Che  urine  when  the  rat  was  sacrificed  26  h after  oral 

same  authors  found  that  the  activity  in  Che  urine  was  very  low. 
Furthenivore.  no  significant  amount  of  vitamin  E was  lost  in  the  form 


d doses  between  200  an 


to  say  on  dosage:  "Nothing 


>al  levels  Are  less  effective  then  even  higher  levels.  These 

’ to  3 weeks  of  doses  of  3 s 100  or  200  lU/day"  (Bierl  et  el.. 
This  ststenent  Is  alsed  at  discooragihg  extreeely  high  doses 


individual  doses  of  vitasiin  E.  Ahsorhing  dietary  vitasln  E usually 
presents  few  prohlens,  since  the  quantities  involved  are  ssiall  and  the 

Large  individual  doses  of  vitaisin  E,  however,  are  not  fully  absorbed, 
two-thirds  of  then  usually  being  escreted  unchanged.  Rate  of 
absorption  varies  between  20  and  dOZ.  and  Is  dose  dependent. 

Absorption  of  tocopherols  depends  on  various  factors,  e.g.,  1) 

contents,  d}  intestinal  sotllity,  5)  other  food  coBponents,  In 
particular  the  fatty  acid  composition  (Simn-Schaoss  et  si.,  19B&). 


]ie^boliBa_of_VitaBin_^ 

s widely  distributed  among  the  tissuea  of 


"he  relative  cj 
le  osidiaed  in 


with  which  the  tocopherols  and  their  setabolites  a 
ro  has  complicated  efforts  to  elucidate  their 
n fNertius  and  Furer,  1963). 


Invescigecions  on  Che  mecabollces  oC  o-cocopherol  in  sniinsl 
Ciseoes  were  conducted  by  several  workers  with  the  enciclpation  that 
Che  nature  of  the  Betabolices  would  provide  inaikhc  into  the  nechenlSB 
of  action  of  vitaisin  £.  Simon  at  al.  (1SS6)  isolated  and 
characCeriaed  a necabolice  of  o-tocopherol  from  both  rabbit  and  human 

Dethyl-C^^  succinate.  The  same  authors  found  Chat  urine  contained 
mainly  metabolized  tocopherol,  while  intact  tocopherol  accounted  for 
the  majority  of  the  radioactivity  In  the  feces,  Hervyn  and  Korton 
(1939)  reported  the  presence  of  o-tocopheryl  duinone  in  a nephritic 

evidence  of  o-tocopheryl  qulnone,  o-cocopheryl  hydroquinone,  o- 

livers.  Csallany  ec  al.  (1962)  identified  two  new  metabolites  of  o- 
tocopherol  isolated  from  the  liver  of  Che  rat  after  injection  of  [S- 
methyl-^^C]  d-o-tocopherol.  About  2535  of  Che  recovered  activity  was 

30T  was  dl-o-tocopherone,  a dimer  of  oxidized  -tocopherol.  Csallany 

isomers  of  dialpha-tocopherone.  Draper  et  al,  <1967)  also  identified 


Bierl  (1963),  and  Plack  and  Bieri  (1964)  Indicated  that  oral  and 
intraperlconeal  admlniaCration  of  '^C  o-cocopherol  to  rota  and  chicks 
gave  rise  mostly  Co  unchanged  tocopherol  in  Che  tissues  of  the  tested 
animals,  Hellors  and  Hc&arnea  (1966)  confirmed  the  above  findings. 
Following  intravenous  injection  of  ^H-o-Cocopherol , Shlratori  (1974) 
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observed  large  amounts  of  radioactivity  In  dermal  tlasue  aoggeacing 
Vitamin  E Deficiency 

The  absence  of  vltaotln  E in  the  diets  of  animals  posea  health 

Effect!  of  Deficiency  on  the  Beproduetivc  System 

In  1920,  Hattlll  and  Conklin  shoved  that  a deficiency  in  vitamin 
E led  to  reproductive  disorders  and  lesions  of  the  genital  apparatus 
in  rata.  The  data  were  confirmed  in  1922  by  Evans  and  Bishop,  As  a 
result  of  some  premature  generalization  of  theae  observations,  vitamin 

therapeutic  use  was  widely  advocated.  Now,  however.  It  la  apparent 
that  the  role  of  this  factor  varies  widely  among  species. 


Rodents.  In  rats,  vitamin  E deficiency  results  In  testicle 
degeneration  (Mason,  19S4).  The  gland  is  reduced  to  half  Its  normal 
alee  and  becomes  brownish  and  flaccid.  Degenerative  lesions  affset 

Neither  Sertoli  cells  nor  the  Intarstitlal  gland  appear  to  be 
effected.  Some  changes  in  related  glands  (seminal  vesicles  and 
prostate)  have  been  reported. 

It  appears  that  guinea  pigs  (Curto,  1966),  hamsters  and  rabbits 
are  also  suacaptible,  although  less  markedly  so.  la  rabbits,  in 
particular,  testicle  lesions  seam  minor  when  compared  to  the 
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widespread  effects  of  vltanin  E deficiency  on  euscles  (Hove  end 

Harris,  1947). 

Other  speciee.  Monkeys  and  roosters  are  also  susceptible  to 
vicanin  E deficiency.  Stallions,  bulls,  raos,  billy  Boats,  and 
perhaps  male  mice,  are  not  (Baxter  and  Brown,  1952). 

Rodents.  In  rats,  vltanin  E deficiency  does  not  appear  to  affect 
the  development  and  funccloninB  of  the  genital  system  (estrus, 

prenatal  development,  mainly  during  the  days  following  nesting.  The 
uterus  and  the  ovaries  become  covered  with  brownish  yellow  pigment 
while  the  basic  signs  are  early  embryo  mortality  followed  by 
resorption  as  a result  of  placental  lesions  which  may  sosietloes 

(Bonettl  and  Stirpe,  1963).  This  cause  should  be  kept  in  mind  when  a 
reduction  In  fecundity  in  this  species  occurs. 

placental  hemorrhages  and  some  degree  of  embryo  mortality  have 
occasionally  been  noted  In  sows  and  rets.  Surviving  piglets  develop 
poorly  and  present  muscular  dystrophy.  It  may  be  concluded  that  sows 
are  susceptible  to  vitamin  E deficiency,  chough  to  lees  extent  than 

The  effects  on  reproduction  in  cows,  ewes,  goats  end  maree  ere 


lesions,  especially  in  Che  very  young  (Gullickson,  1909).  However,  a 
high  placental  susceptibilicy  to  vitamin  E deficiency  as  noted  in  rats 
and  sown,  apparently  in  mice  and  perhaps  in  rabbits,  also  appears  to 
eaist  in  cows  accordiag  to  Trinder  eC  al.  0969).  These  authors  noted 
a high  frequency  of  placenta  retentions  (19t)  in  non-brucellic  cattle 

muscular  injections  of  vitamin  E (680  lU)  and  potassium  selenete  (15 


retention.  Admlniatrationa  of  potaaaiuni  selenate  only  were  less 
effective,  and  earlier  injections  (7  weeks  prepartus)  ineffective, 


^_Jfarietj|_of_DlBordera_Due_to_Vitaain_E_Deflciencjf_lii_Do«eatic_AnI*^_8 
Vitamin  E deficiency  causes  various  disorders  in  most  animal 

consLBQing,  Observations  will  be  limited  to  three  frequently  effected 
species:  chickens,  lambs  and  calves. 


Chickens 

Encephalorealacla.  Clinical  signs  of  nucrltion-releied 
encepbalomalacla  are  exclusively  nerve-related  (Dan,  1946).  The  tlrsc 
manifestation  is  ataxia.  Next,  there  may  be  clonic  contractions  and 
especially  trembling.  The  chicken  keeps  its  heed  tucked  under,  as  if 

which  entails  20  to  80?  losses,  depending  on  the  intensity  of  Che 
deficiency  and  the  susceptibility  of  the  subjects.  Lesions  are 
significant  because  they  make  it  possible  to  distinguish  this 


disorder 


froa  another  neural  hieeaBe  of  viral  origin  in  chicVens.  Infectious 

Characteristics  of  mitrition-relaced  encephalcnalaela  (Aiaastone. 
1967),  are  (1)  discrete  hepatic  lesions;  the  liver  la  often  pale, 

involving  the  suscularls;  and  (3)  cerebral  lesions,  more  specific, 
inacroscopically  detectable  In  sooc  cases,  but  aluai's  visible  upon 
histological  evanlnation. 

with  henorrhagic  patches,  end  of  very  poor  consistency.  Microscopic 
evanlnation  confirss  the  edema  and  hemorrhages,  and  in  addition  makes 
It  possible  to  detect  changes  In  Purkinje  cells,  which  appear 

In  viral  encephaloeyelitia,  the  nerve  lealona  are  different  fros 
the  encephalooialacla  with  perivascular  lymphocytic  infiltration.  In 
addition,  lysphocytic  infiltration  can  be  detected  In  tbe  pancreas, 
Che  succenturiate  ventricle  and  Che  nmacularis  of  the  glssard. 

The  distinction  between  these  two  diseases  la  an  important  one, 

chickens  occurs  in  ovo. 

Esudativa  diatheais  Exudative  diacheals  appears  in  chickens  at 
the  same  age  as  does  encephalomalcla  end  is  due  Co  a vitamin  C 
deficiency  asaociated  with  a deficiency  in  sulfur  saino  acids  (Bunyan 
at  al.i  1962),  It  is  characterized  by  Che  appearance  of  aubcutaneous 
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edocu  which  deforms  the  head  and  heck  end  gives  the  feet  e greenish 
tint,  hence  ice  other  narae  of  "green  foot  disease"  (Den  and  Glavind, 


1939). 

Lesions  ere  eieo  edeisacous  and  affect  Che  entire  si 
connective  tissue.  This  tissue  has  a gelatinous  aspect  and  presents 
heaorrhagic  spots,  in  particular  on  major  muscle  Bassee  and  in  the 
periarticular  area.  In  addition,  whitish  ouscular  dystrophy  patches 
are  found  fairly  regularly  in  the  gizzard  area. 

Muscular  dystrophy.  Muscular  dystrophy  appears  around  the  ege  of 

and  entails  considerable  oiortality.  Lesions  affect  striated  muscle 
fibers  which  present  zenkerisei.  They  are  closely  comparable  to  those 

Muscular  dystrophy  in  chickens  appears  to  be  due  to  a deficiency  of 


This  deficiency  is  also  associated  with  clinical  manifestations 
appeering  in  areas  where  the  soil  is  selenium-poor  (Moth  et  al,, 

the  heaviest  consequence,  particularly  where  ewes  have  two  or  three 
young,  whose  requirements  cannot  easily  be  met  (Oldfield  et  al., 

1963). 

Clinical  algns  begin  inconepicuouBly  with  Ustlessnesa;  sick 
lambs  dislike  moving  about,  and  have  trouble  following  Che  reat  of  Che 
flock,  however,  the  appetite  remalna  normal.  Gradually,  Che  gait 


are  affecteiS  elth  treabllng  and  verj  painful  to  pressure.  Standing 
becoaes  increasingly  difficult  and  tlien  ieipossible,  uitb  aniaals  dying 
in  a few  days  froei  heart  failure  or  aalnutrition.  Death  is  preceded 
by  blindness  in  noat  cases.  Lesions  affect  the  large  muscle  masses 
and  the  most  active  musclee.  They  are  found  mainly  on  psoas,  crural 
and  also  on  intercostals  and  myocardium, 

Affected  areas  are  discolored,  whitish,  and  have  Che  appearance 
of  fish  flesh.  Extent  of  dlacoloration  is  varied;  somecimea  an  entire 
muscle  group  may  be  affected,  sometimes  only  a few  fibers— this  gives 
the  muscle  a striated,  combed  effect.  A histological  examination  of 
the  lesions  shows  that  the  striated  muscle  fibers  harbor  xankerism. 

Vitamin  E deficiency  la  also  accompanied  by  aalenlua  deficiency, 
which  ia  characterised  by  white  muscle  disease  (Blester  and  Sharman, 
1953).  It  usually  manifests  itself  in  calves  which  are  fed  on  milk 
only  and  is  associated  with  rapid-growing  animols  with  high 
nutritional  requirements.  Clinical  signs  appear  between  15  days  and  3 
months,  either  in  stables  or  at  the  time  of  pasturing.  In  aCables, 
clinical  signs  appear  gradually.  Ac  first,  Che  gait  atiffana;  animals 
ore  stooped  and  move  slowly  when  going  to  suck.  Stiffness  increases 

The  polypnea  is  the  only  reaplratory  manifestation  of  this 

characterized  by  e pendulum  rhythm  end  a reduction  in  heart  sounds 
upon  auscultation,  the  characteristic  signs  of  myocarditis.  Finally, 


aff«cted  by  trevbllne.  and  dii 


In  pasture  calves,  the  ayndroee  appears  vben  they  are  released  in 
the  spring.  They  begin  by  running  and  jusping,  but  suddenly  one  or 
tuo  may  slow  down  end  stand  still,  with  a stiff,  awkward  acance.  Then 


respiratory  disorders  lead  to  swift  death  (King  and  Haplesdon,  I960). 

Vitamin  £-selenluo  lesions  are  identical  with  chose  of  laabs, 
both  macro-  and  oicroacopically.  From  the  foregoing  it  will  appear 
chat  vitamin  E deficiency  appears  to  lead  to  two  major  types  of 
syndromes:  (1)  degenerative  muscuLar  lesions,  common  to  a number  of 

species  and  generally  related  to  selenium  deficiency,  and  (2)  vascular 
lesions  (edema  and  hemoriTtages) , wall  known  in  poultry,  affecting 
mainly  nervous  and  subcutaneous  connective  tissues. 


Biological 
Eiteosive  and  vi 


Biolosicel  activity  of  Vitamin  E 

ictlvltles  of  the  various  tocopheroia  are  different, 
y complen  studies  on  several  experimental  animal 
I conducted  to  determine  the  biological  activity  of 


Determination  of  biologically  active  vitamin  E is  ccmpllcsted  b 
t that  eight  different  tocopherols  occur  in  nature 


and  synthetic 


forsis  are  suppleaented  In  nan?  foods  and  feeds  as  dl-a-tocopherol  or 
B3  d-  and  dl-a-cocopheryl  acetate  or  succinates.  Bioassays  nay  be 
confounded  by  the  levels  of  antloaldants,  prooiridants.  selenium,  and 
other  factors  uhlch  nay  alter  Che  biological  activity  of  the  vitamin. 

The  biological  activity  of  tocopherols  (and  of  substances  vlth 
vltanin  E-like  activity)  can  only  be  asseseed  with  a bloassay 
technique  which  detemlnes  the  ability  of  the  tocopherol  CO  reverse 
clinical  signs  of  vitanln  E deficiency.  The  nanlfestations  of  a 
deficiency  differ  markedly  la  different  species.  The  signs  of 
deficiency  most  coienonly  used  in  bloassay  work  are  rat  sterility 
(fetal  resorption  in  Che  fenale  and  testicular  atrophy  In  the  nale). 
rat  erythrocyte  heBolysis,  and  Duscular  dystrophy  lb  a number  of 
different  species.  A cosiprehenslve  review  of  bloassay  methods  for 
tocopherols  has  been  reported  by  Bliss  and  Gyorgy  (1967)  and  Ames 
(1971),  (hher  tests,  such  as  the  liver  storage,  and  elevation  of 

direct  measures  of  biological  activity  in  vivo,  but  they  do  reflect 
the  relntive  absorption  of  Che  teat  compounds  as  veil  as  their 
turnover  in  the  liver  or  red  blood  cells.  In  general,  the  erythrocyte 
hemolyais  and  tissue  storage  tests  correlate  well  with  Che  ^ vivo 

half-life  observed  In  vitamin  E-deflnienc  humans.  Therefore,  although 
caution  should  be  used  In  interpreting  results,  these  methods  are 


Resorption  sterility 


The  fetal  resorption  test  in  female  rats  is  the  clsasicsl  means 
of  conducting  the  hioassay  of  tocopherols  tliaaon  and  Harris,  1947; 
Ames  et  al..  1963).  It  neasures  Che  eU-or-none  response  Co  the  test 
suhstance  by  successfully  meted  vitamin  E-deflcient  fesnale  rats  In 


producing  viable  offspring. 

The  resorption  sterility  test  in  rats  is  frequently  used  in 
addition  to  Che  hemolysis  test.  This  teat  system  uas  used  to 
detemine  the  biological  activity  of  the  eight  enantiomers  of  the 
synthetic  all-rac-O'tocopheryl  acetate  {Veiaer  and  Vechi,  I9fl2). 

The  resorption  sterility  test  is  based  on  the  fact  thaC  female 
rats  supplied  with  a vitamin  E^eficient  diet  are  unable  to  carry 

gestation  period  and  are  subject  to  intre-uterine  resorption.  Weaned 

their  sterility  is  sssessed  by  test  matings  with  fertile  males; 
insemination  is  checkad  by  vaginal  amaar  for  aperaatozoa.  Different 
levels  of  standard  RRR-o-tocopherol  and  the  unknown  subatancas  are 
added  to  olive  oil  Cor  sometimes  to  portions  of  diet)  which  is 

pregnancy.  If  dosing  is  delayed  beyond  the  10th  to  12th  dey  of 
pregnancy,  vitamin  E is  ineffective.  The  animals  are  killed  on  the 
19th  day,  i.e.,  2 days  before  parturition,  nnd  evenlned  for  living 
fetuses  and  for  sitos  of  implantation  of  fetuses  that  have  bean 
resorbed,  Animala  having  lass  than  four  implantation  sites  are 
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positive.  vKIle  rats  ulth  no  live  rou"?  sr«  negative.  The  vitasln  E 
activltj  of  the  test  substance  is  Seterailned  by  calculating  the 
percentage  of  rats  In  each  test  group  that  showed  a positive  response 
and  by  plotting  the  calculated  problts  against  dose  (or  log  dose)  to 
derive  the  50J  fertility  dose.  The  ratio  of  the  SOX  fertility  dose  of 
the  standard  Co  the  unknown  substance  is  Che  relative  vitamin  E 
blopotency  of  the  test  substance.  It  will  be  clear  from  the  foregoing 
Chat  the  fecal  resorption  test  Is  tedious  and  tloe  consuning  and  that 
eeanlngful  results  can  be  achieved  only  by  carrying  out  a large  number 
of  tests  on  any  given  test  substance,  but  It  must  still  be  regarded  as 
the  final  reference  point  in  assessing  vitamin  E blopotency  of  an 


be  standardlaed 


idel  Is  species-specific  in  its 
r directly  applied  to  nan.  but 
.t  can  be  used  for  coaparlaons 


validity.  The  test 
if  structure  and 


activity  relationships.  As  In  any  other  specific  animal  model,  ltd 
validity  limits  must  be  taken  into  atcount.  The  results  obtained  for 
relative  activity  of  the  free,  eaally  oxldiasble  tocopherola  vary 
greatly  In  this  model  from  one  team  of  investigators  to  another 
(different  laboratories!  since  the  free  tocopherols  ere  easily 
ineceivsted  by  other  components  in  the  diet  of  the  experimental 
animals,  knowledge  of  this  interference  dates  hack  to  the  i940s,  and 
consequently  this  model  is  used  mainly  to  test  and  compare  acetylated 

The  results  tabulated  ih  Table  2.3  show  that  It  la  Che 
configuration  In  the  phycol  side  chain  which 


decisively  effects 


activity  In  the  biological  syaten.  The  2R,  b’B,  8'B  configuration, 
which  ia  identical  to  the  naturelly  occurring  fora,  haa  the  higheet 
activity  (IBOJ  relative  biological  activity).  The  configuration  in 
the  C-2  position  is  particularly  important.  It  ia  noted  that  in  all 
the  diaastereomer  pairs  the  2S  form  has  leas  activity  than  the  2R 
form.  The  greatest  difference  in  activity  ia  noted  in  e comparison 
between  the  2S,  b'B,  fl'R-e-tocopheryl  ecetate  and  the  2R,  d’B,8'R-a- 
tocofdieryl  acetate,  which  is  identical  to  the  naturally  occurring 
form.  The  relative  activity  is  only  21  to  31%  for  the  SRS  form.  The 
SSS  isomer  eshiblts  Che  surprisingly  high  relative  activity  of  60% 


compared  to  the  RBB  isomer, 

Observations  on  the  biologlcel  activity  o 
vary.  Aiees  {1979}  showed  on  the  basis  of  19  t 
of  all-rac-o-cocopheryl  acetate  does  not  etcee 


chat  the  activity 
e calculable 


activity.  By  contraat,  Ueiser  i 
rat  resorption  sterility  teat. 


i 0982)  found  in  ti 
had  a aynerglacic  c 


against  hemolysis  induced  by  dialuric  acid  or  hydrogen  perovlde.  Bats 
weighing  about  100  g are  fed  a diet  free  of  vitamin  E for  a depletion 

animals  showing  a degree  of  hemolysis  of  96  to  99%  are  retained  in  the 
test.  In  s preliminary  trial  with  five  animals  per  dose,  dosages  of 
vitamin  E are  determined  which  will  reduce  the  hemolyela  to  e range  of 


TABLE  2.3.  BELATIVE  ACTIVITY  DF  VARIOUS  o-TOCOPHEROL  STEREOISOMERS 
AS  DETERMIHra  BY  RESORPTION  STERILITY  TEST  IN  FEHALE  RATS. 


Standerd  vith  lOOE  blolOBlcul  activity: 

RRR-o-tocopherol  acetate  e-  Relative  activity  ia  relation 

tocopherol  acetate  isoaer  to  the  atandard  Clc  percent) 


approiliMtelj  20  to  SOS  for  both  the  etendard  and  Che  teat 
preparations.  For  the  bioosaay.  two  or  three  doses  ere  selected  froei 
within  this  range  for  the  standard  and  for  each  eanple  to  he  assayed. 
Each  dose  is  dissolved  in  0.2  ®1  olive  oil  and  adoiniacered  orally  by 
stonach  tube.  After  40  to  44  hr  the  percent  erythrocyte  hemolyela  la 
again  measured.  The  use  of  dialuric  acid  as  a hemolytic  agent  for 
erythrocytes  derived  from  vitamin  E-deflclent  animals  was  introduced 
by  Rose  and  Cyorgy  <1932),  and  later  improved  by  Friedman  et  al. 


As  an  alternative  to  dialuric  acid,  hydrogen  peroxide  may  be  used 
as  the  hemolytic  agent  (Oyorgy  et  al.,  1952).  It  should  be  noted  that 
there  is  no  spontaneous  hemolysis  ^ vivo  In  vitamin  E-deficient 
animals.  However,  the  rst  hemolysis  test  is  not  a direct  measure  in 
vivo  of  the  biopotency  of  a vitamin  E-active  subatence,  since  Che  test 
is  carried  out  on  blood  derived  from  rats  given  a vitamin  E-deficlent 
diet.  FurthertBore,  Che  results  obtained  need  to  be  interpreted  with 

be  quite  short  before  s positive  test  can  be  obtained,  and  the  animal 

sterility.  The  test  is  thus  regsrded  by  many  si 


vitsnin  £ stscus  of  the  animal.  With 


this  difficulty  in  mind. 


sctlvity  of  an  unXnovn  substance  end  has  been  found  to  agree  well  with 
Che  resulta  obtained  by  fetal  resorption  (Harris  and  Ludwig,  1949)  and 
chick  liver  storage  (Pudelkievicr  at  al,,  1960), 


syscansi  the  erythrocyte  henolyais 


(Eirr) 


>r  speclsl  loportence. 


correlates  well  with  the  tocopherol  coocentrationa  in  blood  plasma. 

by  an  increased  hydrogen  peroxide-induced  aenaltivlty  of  the 
erythrocytes  to  henolysla  in  the  blood  seroEn. 

The  most  covaonly  used  hemolytic  agent  is  hydrogen  peroxide. 
Washed  erythrocytes  are  incubated  in  a hydrogen  peroxide  solution 
(about  2t)  over  a period  of  3 hr,  Heixolypls  liberates  hemoglobin 
during  incubation;  correction  for  this  hemoglobin  is  made  by 
determining  the  amount  of  hemoglobin  after  incubation  with  diatllled 
water  which  corresponds  to  lOOJ  hemolysis  (without  addition).  The 
hemolysis  result  obtained  with  hydrogen  peroxide  la  given  as  a 

The  relative  activity  of  d-o-tocopherol  and  d-r-tocopherol  in  the 
^ vitro  EHT  is  tabulated  in  Table  2.4  (Brubacber  and  Weiser,  1968) , 
Erychrocytea  from  rats  which  were  given  a vitamin  E-deficient  diet 
were  incubated  in  a test  tube  together  with  Che  various  tocopherols 
and  then  hemolyxed  with  dlsluric  acid,  The  tocopherol  eaterifled  with 
acetic  acid  is  inactive  in  this  teat,  D-o-tocopherol  has  again  been 
shown  to  be  biologically  superior  to  d-o-tocopherol. 

The  hemolysis  test  was  originally  conceived  as  an  in  vitro  teat 
hut  was  later  modified.  This  modified  test  differs  from  the  above- 
mentioned  ^ vitro  teat  in  that  the  vitamin  E active  substance  is 


TABLE  2.4.  RaATIVE  BIOLOGiaL  ACTIVITY  OF  VITAMIN  E COMPOUNDS  IN  THE 
IN  VITRO  HEMOLYSIS  TEST:  EXCERFI  FINW  BSUBACHER  AND  WEISER  0««). 


Conpound 


Relotlve  Acclvlt*  (I) 


d-Q  tocopherDl  100 

d-Y  tocopherol  30 


administered  orallp  to  the  experimental  animals  2 days  before  blood 

acid  exhibit  vitamin  E activity  after  they  have  been  liberated  by 
enzymes  in  the  intestine  (Table  2.5).  Here  asain  it  is  the  d-o 
configuration,  both  In  the  free  form  and  in  the  form  csterified  with 


TABLE  2.5.  R&ATIVE  BIOLOGICAL  ACTIVITY  OF  TOCOPHEROLS  AND  IHEIR 
ESTERS  WITH  ACETIC  ACID  IK  THE  IN  VITRO/IN  VIVO  HEMOLYSIS  TEST  IN 
RATS;  EXCERPT  FROM  BLISS  AND  GYCeGY  (1969). 


Relative  artivity  (Z) 


7 D-v-tocopheryl  acetate 


acetic  acid,  Chat  possesses  the  highest  biological  activity.  Although 
the  test  aethod  is  not  precise  enough  Co  differentiate  d-o-cocopherol 
froe  its  acetate.  Che  two  fonts  with  Che  natural  configuration  are 
nevertheless  significantly  superior  to  the  synthetic  all-rac-a- 
tocopheryl  acetate. 

Plastts  and  erTthroctte 


Vitaein  £ acts  as  an  antioxidant  in  biological 
1937).  Therapy  is  designed  to  achieve  a high  tocopherol 


lo  test  rats  which  were  reared  on  a vitaoin  E-deficient  diet, 
free  d-o. tocopherol  was  cospared  with  synthetic  all-rac-o-tocopheryl 
acetate  to  detersine  their  effect  in  producing  changes  in  vltasln  E 
concentration  in  plasma  and  in  erythrocytes  after  lotravenous  or  oral 
administration  (Ogihara  at  al..  19B5).  The  tocopherol  concentration 
In  the  red  blood  cells  was  investigated  as  an  indicator  of  the 
physiologically  avallahle  tocopherol  in  biological  nanbranes. 

Although  intravenous  sdiinistrstion  of  all-rac-o-tocopheryl 
acetate  produced  a higher  tocopherol  level  in  plasma  chan  RRR-a- 
Cocopherol  6 h after  infusion,  the  concentration  lo  the  erythrocytes 
St  the  sane  tine  increased  by  1002  after  infusion  of  RKR-o-tocopherol 
compared  to  the  responae  when  all-rac.o-tocopheryl  ecetate  was 
infused. 

acetate  ester  were  even  nore  pronounced  in  these  test  animals  after 
adminiatraClon  of  d-o-cocopherol  was  dOE  higher  chan  after  all-rac-o- 


tocopheryl  aceCat«  intake.  Ufrtake  in  the 
adeiinistration  of  d-o-tocopherol  was  280Z  higher  than  after 
administration  of  the  synthetic  laaterial.  Direct  comparison  at  and 
48  h after  oral  administration  indicated  that  uptakes  of  the  free  d-a- 
tocopherol  in  the  erythrocytes  was  300  and  255*  greater  than  uptake  of 
the  ester.  These  test  results  provided  impressive  support  for  the 
superiority  of  the  natural  vitamin  E structure  as  previously  shown  in 

Liver  storage  teste  are  based  on  the  observation  Chat  amount  of 
tocopherol  scored  in  Che  liver  of  rats  and  chicks  has  a linear 
relationship  to  Che  level  of  vitamin  E conaumed. 

Pudelkiewlca  at  el.  (1060)  used  dsy-old  White  Plymouth  Rock  male 
chicks  fed  a vitamin  E-deflcient  diet  for  13  days  for  assay  of  liver 

those  remaining  distributed  by  weight  into  groups  of  eight  chicks 
each.  The  tocopherol  standards  and  the  unknown  materials  to  be 

are  pair-fed  to  the  lot  eating  the  least  amount  of  feed  over  a period 
of  14  days.  Tocopherol  content  of  pooled  livers  from  each  group  was 

afcar  careful  extraction,  molecular  distillation,  and  chromntographic 
separation  of  the  tocopherols. 
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Muscular  depgneratlon  testa 

Muscular  dystrophf  has  bean  used  as  a aeana  of  aesauring  vicaaln 
E biopotency  In  rabbits  (Hove  and  Harris,  1947;  Fitch  snd  Diehl.  1965) 
and  chicks  (Scott  aod  Deeai.  1954;  Desai  and  Scott.  1963). 

In  chickens,  nuscular  degeneration  is  evaluated  directly  after  3 
to  4 weeks  on  deficient  or  aupplenienced  diets.  The  breast  muscle  Is 
exaffiined  and  scored  fro«  0 to  4.  depending  on  the  severity  of  the 
lesion.  Indirect  measure  of  imjscular  degeneration,  such  as 
creatlnurla  and  levels  of  plasna  aspartate  aminotransferase  and  lactic 

onset  of  creatlnurla  or  the  extent  of  imiscular  dystrophy,  assessed  on 
a scale,  are  both  used  as  biological  neasurea,  and  the  effect  on  these 
parameters  of  standard  RRH-o-tocopherol  or  a test  siaterial  is  assessed 
as  Che  basis  of  the  assay.  A method  baaed  on  the  reversal  of  muscular 
degeneration  in  the  rat,  using  plasma  pyruvate  kinase  levels  as  an 
Index,  appears  to  be  quite  reliable,  rapid,  and  sensitive  (Hachlin  et 


preparations  1 
International 


r establishing  Che  biological  activity  of  vitsmin  E 

Dion  of  Hucrltlonal  Sciences  (lUHS),  therefore, 
t d-tt>tocopherol  be  used  as  Che  standard  compound  and 


(Froomlng,  1994). 


D^-Cocopheryl  acetate  can  be  easily  obtained  in  cbeiaically  and 
isooericelly  pure  fore.  The  relative  biological  activities  of  Che 
cocopherols  have  been  decertnined  in  eeperimencal  animals  and  are  now 

1 d-a-tocopherol  equivalent  (eg) 


• d-a*tocopheryl  acetate  x 0.91 

• all-rac-o-tocopheryl  acetate  x 0,67 
■ d‘Y-cocopherol  x Q,l. 

These  equivalence  values  have  been  disputed  (Ames,  1979;  Leth  and 
Sandergaard,  1963),  however,  in  1983  they  were  confirmed  by  a WHO/FAO 
Expert  Ccnmiccee  (WHO,  1983).  Evidently  the  experts  did  not  consider 
it  necessary  to  change  Che  relative  biological  activities  of 
cocopherols  based  on  animal  experiments.  More  recent  human  studies 
suggest  that  Che  findings  on  which  the  conversion  factors  are  based, 
i.e.,  experiments  with  rats  given  a vitamin  E-deficient  diet,  should 
be  regarded  an  species-specific  for  the  experimental  animals. 

A comparison  of  the  tocopherol  concentrations  in  human  tissues 
and  cells  emphasises  the  physiological  significance  of  free  RRR-o- 
tocopherol  relative  to  other  tocopherols  and  derivatives.  The  vitamin 
E requirement  in  man  is  satisfied  by  Che  preferential  utilisation  of 
d-a-tocopherol  in  the  diet.  That  d-o-tocopherol  poasesaes  the 
relatively  greatest  biological  activity  has  been  confirmed  by  a 
multitude  of  relevant  vitro  and  in  vivo  tests  and  particularly  by 
clinical  studies.  Accordingly,  RHR-a-cocopherol  is  the  actual  vitamin 


The  United  States  Pharraacopeela  CUSP)  (19S0)  in  Table  2.6  shoes 
the  recoemnded  wei^ht/unit  relationships  for  eis  tocopherols: 

TABLE  2.6.  USP  WEIGHT/UNIT  RaATIDPSHIPS  OF  TOCOPHEROL. 


1 ng  sll-rac-ft-tocopherol  ■ 1.1  units 
1 ng  sll-rac-o-tccopherpl  acetate  - 1 unit 

1 eg  RHR-a-cocopheryl  acetate  •>  1.36  unite 
1 mg  RRR.o-tocopheryl  succinate  - 1.21  units 


le  Resolratorr  Chain 


It  has  long  been  known  that  the  hepatic  necrosis  that  accoopaalas 

shown  on  cross  sections  of  prenecrotlc  liver  CChernlck  et  al..  1935). 
Vitanin  E supplementation  Imaadlately  reestablishes  respiration,  both 
in  vivo  and  In  vitro  (Schwara.  1955).  Selenium  is  alao  affective,  but 
only  in  vivo,  which  seems  to  Indicate  chat  a different  mechanism  Is  at 
work  (Schwara,  1972). 


transport  systems  which 


the  level  of  the  mitochondria, 
consists  of  a series  of  hydrogen- 


osldoreduction  potentials.  Energy  released  by 


hydrogen  tranaport 


stored  in  the  fomi  oi  adenoaine  triphoaphete  (ATP).  Deteradnation  of 

One  of  the  links  in  the  respiratory  chain  is  ubiquinone  (or 
coenzyflie  Q)  which  intervenes  between  the  flavin-nucleotide  and 
cytochrome  ayaten.  The  structure  of  ubiquinone  is  similar  to  that  of 
o-tocoquinona,  a aetabollte  of  o-tocopherol  which,  along  with  Che 

comparable  to  that  of  ubiquinone. 

In  Che  anemias  observed  when  vitamin  E deficiencies  occur  in 
primates,  an  improvement  is  obtained  upon  admicistration  of  ubiquinone 
as  with  vitamin  C,  thereby  indicating  the  sljBilarity  of  actioo  for  the 

It  is  likely  that  vitamin  E intervenes  in  the  respiratory  chain, 
and  thereby  contributes  to  the  metabolic  equilibrium  of  cells 
(Schwarz,  1972). 

Intervention  of  Vitamin  E In  Hematoooieais 

Che  decoloration  of  the  muscles  in  muscular  dystrophy  in  many  apeciea 
(reaulting  from  rarefaction  of  Che  myoglobin)  have  Led  Co  research 
into  Che  possible  role  of  this  vitamin  in  heme  eynthaals. 

Heme  synthesis  results  from  a series  of  tranaformaclona  starting 
with  glycine  and  aucclnjl-CoA,  leading  Co  the  formation  of  (- 


anlnolevuliplc  acid  (ALA),  followed  by  Che  condensation  of  two 
molecules  of  ALA  to  form  porphobilinogen.  These  two  trensfomiatlonB 
are  catalysed  by  two  enzymes,  ALA'SynChetase  and  ALA-dehydratese, 
respectively, 

Nalr  at  al.  (1970)  have  shown  that  these  two  enzymes  are  under 
the  control  of  vitamin  E.  The  fact  that  actlnomycin  D (which  inhibits 
transcription  from  DNA  to  RNA)  impeded  Che  ability  of  vitamin  E to 

suggest  that  vitamin  E might  intervene  at  this  level  by  acting  as  a 
specific  repressor  of  the  transcription  of  the  enaymea  of  ALA  (Nair, 
1972). 

Since  heme  fa  not  only  a constituent  of  hemoglobin,  but  also  of 

namely  the  decoloration  of  the  muscles  in  musculer  dystrophy  due  to 

various  researchers  have  observed  in  Che  mitochondria  of  deficient 
tissuee  reflects  a rarefaction  of  tha  cytochromae,  which  contribucaa 
to  a lowering  of  cell  respiration  by  disruption  of  the  reapiracory 
chain  at  the  level  of  the  cytochromes. 

Blolonlcal  Bole  of  Vitamin  E 


It  has  been  known  for  some  time  that  vitamin  E is  an  ekcellenc 


Because  of  its  antto«idant  effect,  vitamin  I is  able  to  entrap  free 
radlcaU  before  they  can  attack  life-supporting  cell  scructuree.  Fre 
radicals  are,  by  definition,  chemical  compounds  which  contain  an  odd 
number  of  electrons.  Free  radicals  can  be  formed  in  biological 
systems  through  homolytlc  cleavage  of  covalently  bonded  organic 
compounds  resulting  in  bond  splitting,  whereby  each  fragment  retains 


Bond  splitting  as  such  always  gives  rise  to  a pair  of  radicals. 
Radicals  can  also  be  formed  from  a capture  of  an  electron  by  a 
molecule  as  illustrated  below: 

O2  4 e-  - Oj'-, 

The  formation  of  auperoxida  anion  radical  results  in  a net  negative 
charge  because  of  the  extra  electron  in  its  posession.  Captureoenc  of 
electrons  by  molecular  0^  ia  known  to  occur  by  ita  interaction  with 
flavin  oxidcreductase  systems  {Fridovich,  1976),  For  a better 
understanding  of  these  phenomena,  the  effect  of  free  radicals  upon  the 
breakdown  of  an  essential  fatty  acid  as  described  by  Leibovitz  and 
Siegel  fl9B0)  la  presented  in  Fig.  1.9. 

In  s fatty  acid,  at  a carbon  atom  adjoining  a double  bond,  an 
agreasive  aubatance  (sS)  removes  hydrogen  (1).  resulting  in  the 
formation  of  a fatty  acid  radical  (11).  This  radical  reacta  with 
oxygen  to  form  a peroxy  fatty  acid  radical  (III).  This  now  radical  in 
ita  turn  removes  hydrogen  from  another  essential  fatty  acid,  resulting 
in  the  formation  of  e hydroperoxy  fatty  acid  (IV)  snd  agsin  in  a fatty 


FIGURE  2.9.  SCHWATIC  REPRBSBITATION  OF  TOE  PEROJIDATION 
OF  UNSATU8ATED  FATTY  ACIDS 
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acid  radical  uhlch  can  react  furClier.  Once  cMs  chain  reaction  ha; 
up,  self-quenching  occurs,  or  Che  radical  is  entrapped  by  an 

antioxidant  (Chow,  1979). 

Aucoxldation  eventually  results  in  some  forts  of  degradation  o 
butter  and  margarine  become  rancid.  The  process  is  generally 

Initiatlont  production  of  R*  (1) 

Propagation;  R.  + 0-  — — ROO'  (2) 


Teminacion: 


(Propagation  can  also  occur  by  addition  of  the  peroxyl  radical  to  a 
antioxidants  (Lundberg,  1962). 


- ROOH  ♦ 


XH  ■ antioxidant 

At  the  cellular  level,  autoxidation  Is  clearly  undesirable  because  it 
threatens  the  integrity,  protective  and  organizational  properties  of 

survival  of  Che  cell  itself  in  Jeopardy. 


In  the  last  few  years,  puch  research 
free  radicals 
(Cheeseeian  et  al.,  19H4). 

Free  radicals  are  involved  In  two  types 

in  processes 


oxidations  di 


L biological 
h radicals.  The 


■any  types  of  reectlons.  These  reactions  Include  the  peroxidation  of 
lipids,  in  the  course  of  uhich,  under  certain  conditions  increase 
depending  upon  the  rote  of  fornation  of  free  radicals.  It  has  also 
been  shown  that  some  procesaos,  whether  enzymatic  or  not,  produce 
reactions  of  the  same  type  when  some  of  the  cell  constituents  released 
are  exposed  to  the  direct  action  of  oxygen  in  a free  envlroonent  or  In 
the  absence  of  Inhibiting  agents.  Scene  researchers,  such  as  Pryor 
<1970),  do  not  rule  out  the  possibility  that  radicals  nay  eaoape  an 
electron  transport  chain,  then  causing  rapid  and  destructive 
oxidations. 

It  may  seen  paradoxical,  as  Pryor  (1971)  points  out,  that  oxygen, 
which  cells  need  to  release  energy  from  food,  is  so  reactive  that  it 
manages  to  trigger,  elongaide  the  usual  processes,  some  undesirable 
parallel  reactions  oriented  toward  actlona  detrimental  to  the 
phenooena  essential  to  life.  In  the  course  of  such  oxidative 
reactions,  it  causes  danage  to  the  cella  by  producing  unfavorable 
modifications  in  the  structure  of  their  membranes,  in  the  nembrenes  of 
the  Intracellular  organelles  and  in  the  endopUsnIc  reticulum. 


For  Its  part,  ozono,  a layer  of  which  shelters  Che  planet  frotn 
shorC-waveLenjtCh  ultraviolet  radiation  and  known  to  be  harmful,  also 
causes  oxidstlona  which  are  detrimental  Co  biological  cell  ayateos. 

Study  of  Che  cheoilcal  compoaition  of  the  cell  membranes  shows 
that  they  are  formed  by  an  asacciation  of  lipids  and  proteins 
parfoming  important  functions  such  as  electronic  phenomena,  active 
transport,  glycolysis,  biosynthesis  of  lipids  and  proteins,  etc. 

Lipids  are  the  most  important  constituent  not  only  of  these  cell 
membranes,  but  also  those  of  the  intra-cellulsr  organelles  inclnding 
the  Che  mitochondrias  and  Dlcrosomes.  Many  factors  suggest  that  the 
membrenea  consist  of  a fils  of  lipids,  rich  in  triglycerides  end 
phospholipids,  between  40  end  b5  A in  thickness,  covered  on  both  sides 
by  a layer  of  proteins  eeeh  about  10  A thick  (Lehnlnger.  1975).  The 
perovldacion  of  Che  lipid  consclcuents  of  the  nenbranes,  which  contain 
a high  proportion  of  mono  and  polyunsaCurated  fatty  acids  fCI6:l* 
CIStlj  C18r2;  C1S;3;  and  C20;A)  disturb  their  metabolic  functions 
(Tappel,  1972).  The  polyunsaturated  fatty  acid  moieties  of  liplde  are 
characterized  by  the  presence  of  two  or  more  carbon-carbon  double 
bonds  which  are  separated  by  e methylene-GHj-unit.  Methylene  units 
ere  very  susceptible  to  attack  by  radicals  as  perozyl  and  Roo'  with  an 
eztremely  rapid  cosibinetion  with  oxygen  Co  form  peroxyl  radicals 
CTappel,  1972).  Lipid  peroxidation  of  polyunsaturated  fatty  acids 
particularly  erachldonlc  acid  results  in  the  formation  and 
accumulation  of  lipid  peroxidation  products  known  as  llpofuscin 
pigments  (Tappel,  1972).  These  pigments  accumulate  in  tissues 
(myocardium,  brain,  liver,  testicles,  etc.)  in  response  Co  vitamin  E 
deficiency,  oxidative  stress  and  age.  Results  of  chemical  analyses 


siigReat  that  theae  llpofuacin  plgoienta  arise  froa  membrane  lipib  and 
protein  fragments  formed  In  the  course  of  their  perosidacion  phenomena 
(Porta  and  Partroft.  1969). 

Consequences  of  lipid  perotidatlon  are  alterations  in  structural 
(membrane  permeability),  functional  components  of  the  cell  and  their 

nitochondriaa,  microsoaes,  and  lysosomes. 

Role  of  o-Tocopherol  as  a Chain  Breaking  Anticridant 

breaking  antioaidant,  scavenging  free  radicals,  capable  of  terminating 
chain  reactions  among  unsaturated  fetty  acids  (Zalkln  end  Tappel, 

Chain-breaking  antloaldants  react  directly  with  radicals.  Many 
phenols  (ArOU)  of  which  vitamin  E is  an  etanple,  can  atop  a radical 
chain  reaction  because  they  ere  able  to  trap  the  chain-carrying 
peroxyl  radicala.  Die  free  radical  scavenger  action  of  o-tocopherol 
depends  on  the  ability  of  donation  of  the  phenolic  hydrogen  atcsi  to  a 
fatty  acyl  free  redical,  which  resolves  the  unpaired  electron  of  the 
radical  eo  that  free  radical  attack  on  further  molecules  of 
uosaturated  fitly  acids  la  prevented  (Burton.  1989) 

The  relatively  stable  phenoxyl  radical  produced  is  so  uoreactive  to 
attack  another  polyunsaturated  fatty  acid  noeity  or  0-  that  instead  it 
is  inactivated  by  reaction  with  a second  peroxy  radical  ROO-  4 
ArO'  .*  inactive  products  or  may  In  the  presence  of  aecorhate 
undergo  reduction  back  to  the  original  phenol  (Burton.  1989). 


s^nersistlc 


oTidation  and  can  draiatically  reduce  the  length  of  the  Bucoxldation 
polyunsaturated  fatty  acids  from  peroxidation. 


CHAPTEB  3 

PLASMA  AND  TISSUE  LEVELS  OF  VITAMIN  E IN  SHEEP  FOLIONING 
INTRAMUSCULAR  AWINISTRATION  IN  AN  OIL  CARRIER 

Introduction 

Vitaoin  E Is  a biological  antioaldant  that  has  bean  usad 
pharmacologically  in  young  aheap  and  cattle  for  the  pravantlon  or 
treatment  of  conditions  associated  with  nutritional  auscular  dystrophy 
(JenlcLna  et  al.,  1972],  Asaasstnants  of  the  vitamin  E status  in  the 

relied  on  serum  or  plasma  tocopherol  concentrations  (JanRlns  et  al.. 
1970).  To  our  knowledge  there  is  no  Information  on  the  effects  of 
various  forms  of  vitamin  E preparations  on  sheep  tissue  tocopherol 
levels.  The  purpose  of  the  present  inveatlgscion  was  Co  assess  the 
bioavBllability  in  sheep  of  two  foroia  of  vitamin  E {d-o-  and  dl-o- 
tocopharols)  administered  intramuscularly  using  a serial  blood  plasma 
analysis  of  o-tocopherol  concontracion.  In  addition,  the  m-cocopherol 
levels  were  determined  in  a few  selected  tissues. 

Einerimental 

Yearling  crossbred  wethers  weighing  AO- 30  kg  were  used.  All 
animals  originated  from  a flock  that  was  born  and  raised  in  total 
confinement  (Heaney  et  al.,  1980).  The  animals  were  fed  ad  libitum,  a 


providing  grass  (AOE).  hay  (AOZ),  and 
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Gilage  (20!C).  The  trial  was  carried  eat  in  three  GUCcesGive  periods 
(2  nofiths  each],  with  each  period  utilizing  one  group  of  five  sheep. 

with  respective  slaughter  times  are  as  follows; 

Group  1 ‘ dl*0'tocopherol  at  2d0  h 
Group  2 ~ d-o-tccopherol  at  360  h 
Group  3 - d*o~tocopherol  at  240  h. 

A group  of  sis  wethers  origineting  from  the  same  flock,  was  used  ss  s 
control  (Group  4). 

Blood  samples  wore  taken  from  the  jugular  vein  of  treated  sheep 
at  specific  tisie  intervals  after  dosing  ranging  from  zero  to  360  h. 

refrigerated  centrifuge  at  4*C  and  stored  at  >20*C  until  assayed  for 

slaughter  and  stored  at  -20*C  until  analyzed  for  o-tocopherol  content, 
Feed  samples  were  taken  during  the  experiment  for  vitamin  E analysis, 


High  pressure  liquid  chromatography  (HPLC)  was  used  for  plasma  o. 
tocopherol  determination  (HcMurray  and  Blanchflower,  1979a).  The  HPLC 
system  consisted  of  an  M 6000  pump  and  W.K.  aeptumless  injector 
(Waters  Aseocietes  Inc,,  Milford,  Hass.,  USA)  and  Weters  u Bondapak 
Cjj  OO  column  (3,9  x 300  run)  coupled  to  a Perkln-Elmer  650-105 
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fluorescense  spectrophotoBicter  set  at  295  and  330  na  far  excitation 

(97:3)  at  3 isin/ol.  AH  solvents  were  HPLC  or  pesticide  grade.  Blood 
plasaa  (2  al)  aeaples  were  preoipltated  with  ethanol  (2  ml},  and 
extracted  with  hexane  (A  nl}.  Tissue  samples  were  saponified  and 
extracted  with  hexnne  (Thompson  and  Hidlroglou,  1953}. 

Idenclficsclon  and  duantltatlon  of  the  m-tocopherol  was 
accomplished  by  coaparlaon  of  retention  time  and  peak  areas  with  d-o- 


vltaann  E were  determined  by  analysis  of  variance.  These  indexes 

max)  o-toeopherol  concentration,  and  3)  the  area  (AUC)  under  the  o- 
tocopherol  plasma  concentration  time  curve  (Balard,  1955;  Roch-Weser, 
1974).  Differences  in  the  vitamin  E concentration  between 
corresponding  tissues  in  the  four  groups  were  determined  by  analysis 


Besults 


Average  tocopherol  content  of  roughage  at  the  tine  of  conaureptlon 
were  39,  69  and  3A  (ng/kg  DM)  for  itBlze-eilage,  grasa-ailage  anC  hay. 
reapectlvely.  The  only  forma  of  vitamin  £ found  in  hay  and  grass- 
silage  were  o-tocophsrol.  In  maise-ailage  o-tocopherol  was,  on  Che 
average  about  half  the  total  tocopherol  and  was  equal  to  the  sun  of  o 
a fi  tocopherols  (26t)  and  d tocopherol  {24£). 


■d  Plasma  n-TocooheroI 


After  IH  administration  of  d-o-tocopherol  preparation,  a lag 
period  was  noted  in  the  sheep  until  vitamin  E increased  in  the 
systemic  circulation  (Fig.  3.1;  Croop  2).  There  was  no  deer  evidence 
of  an  elinination  phase  in  Che  data.  In  all  3 groups  there  was  a 
suggestion  of  a plateau  near  the  peak.  It  would  appear  as  though  the 
system  resched  an  equilibrium  at  or  near  peak  levels. 

In  Group  2 (IM  d-o-tccopherol  injected  sheep  killed  360  hr  after 
dosing)  the  most  important  Indes  of  bioavallsbillty  (Xoch-Weser. 

1979),  the  ares  under  the  plasma  concentration-time  curve  (AUC)  was 
the  lergest  (PCO.Ol)  compared  to  the  other  2 groups  (Tsble  3.1).  This 
appeared  to  be  due  to  a more  austained  release  into  the  plasma  (t  mas 
much  larger),  resulting  in  a higher  delivery  of  the  vitamin.  Haximum 


higher  (PCO.Ol) 


MEAK  PLASMA  a-TOCOPHEML  LEVELS  IN  SHEEP  AfTEB  SINGLE 
l.M.  INJEaiON  OP  IP-a-TOCOPHEROL  SUSPENDED  IN  STERILE 


H 

TABLE  3.1.  D-o-TOCOPHEROL  PHARMACOKINCTIC  PLAScIA  VALUES  IR  SHEEP  AFTER  A 
SINGLE  INTRAWJSCULA8  ADMINISTRATION  OF  VITAMIN  E (40  ig/kg). 


...I 

T«j2 

(hr‘) 

Group  preparations  (ug/nl] 

(ug/ml)  (ug/ml)  (ug/ml) 

(vg/nl)  (ug/al/hr) 

1 dl-u-tocopherol 

1.76'* 

151*’ 

1.12'  !.68‘‘  1.47'’ 

I.BSO  1.23  286“ 

2 d-o-tocopherol 

2. do' 

254' 

O.94"  2.68'  1.87* 

2.06'  1.35  637' 

3 d-e-tocopherol 

l.SA-I 

O.?!"*  2.63'  1.30^ 

1.82'  1.34  277“ 

SE 

0.23 

24.78 

0.24  0.15  27 

Sheep  In  Group  1 enB  3 were  elaughiered  240  H olcer  dosing  while  sheep  In  Group 
2 were  killed  360  h after  dosing. 


WkIbqo  pUsea  concentration. 
Terelnal  plasma  concentration. 


different  superscripts  differ  (P<0.0S). 
different  superscripts  differ  (P<0.01). 
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dosing)  thoro  was  also  a nors  sustained  delivery  than  in  group  1 <t 
naxlnuffl  191>131).  This  resulted  in  a sarginal  increase  in  C nax  but 
no  increase  in  ADC  was  noted.  This  nay  be  due  to  the  fact  Chat 


initiel  values  in  Group 


niax/Co*2.63)  • 


iat  relative  to  initial  values  the  : 
relative  increase  for  Group  2 (C 


The  ellBination  races  of  the 
(no  differences  in  Csax/Cp), 


higher  initial  value  in  this 
three  groups  appeared  Co  be  very 


Tissue  Concentrations  of  Vlcaeln  E 


Sheep  receiving  d-o-cocopherol  and  slaughtered  360  hr  after 
dosing  had  higher  (P<Q.Q5)  pancreatic,  hepatic,  lung,  spleen  and 
Buscle  o-tocopherol  levels  than  Che  control  group  (Table  3,2).  There 
also  was  higher  e-tocopherol  concentration  (P<0.05)  in  the  pancreas  in 
sheep  of  Group  2 chan  Group  3.  In  the  lung,  brachiocephalieue  euscle, 
pancreas  and  spleen  of  sheep  slaughtered  2a0  hr  after  doalng.  higher 

e-Cocopherol  adainistered  aninals.  In  cheae  tissues  o-tocopherol 
concentrations  in  Group  3 had  a tendency  Co  be  higher  then  chose  of 
Group  1 sheep,  o-tocopherol  concentrations  in  all  groups  were  higher 
(PCO.Ol)  In  the  adipose  and  adrenal  then  In  other  tli 


analyzed. 


Dlacusslon 


quite  slow.  In  dll  sheep 
depot  injection,  s delayed  ii 


he  novefflenc  of  the  active  free  e- 
H Injection  to  the  blood  stream  was 
he  vitamin  E preparation  by  IM  oil 
>se  in  plasma  a-tocopherol  levels 


e eaperimental  period  had  an 
The  IM  dosed  sheep  with  d-e- 
!r  hod  a bloaveilabllity  much 

r after  dosing, 
t sustained  response  occurred, 
at  IM  administration  of  vitamin 


than  dl-c-tocopherol.  The  length  of  tl 

tocopherol  and  slaughtered  360  hr  late: 

During  this  360  hr  period  a graduel  bi 
Overmen  et  al.  C19S1}  reported  cl 
E is  Ineffective  in  humana,  regardless  of  t 
type  of  vehicle  Coil  or  water)  used.  Howev 
et  al.  a%8).  IH  Injection  of  vitamin  E is  the  best  route  for 
administration  of  this  vitamin.  These  workers  observed  Chat  in  sheep, 
following  IM  injection  of  a commercial  preparation  of  d-o-tocopherol 

peak  8 hr  after  its  administration.  The  slow  release  of  the  IM 
injected  vitamin  E preparation  in  oil  carrier  could  be  due  to  ayoaitis 
and  inflammation  of  the  lymphatic  vessels  (Bills  et  al.,  1976), 
through  which  the  vitamin  E molecule  is  absorbed  (Blomstrend  and 
Porsgren,  1968;  Kachlin  et  al.,  1979).  It  is  also  known  (Voffey  and 
CouCrice,  1956)  that  exercise  influences  the  flow  of  fluid  elohg  the 


experiments,  there  is  little 

confined 
Bllle  et  el.  (I 
into  slaughter 


lymphatic  flow,  and  this  would 
icamin  E preparations  which  probably  was 
nja  eurrounding  the  muscle  (Balard,  1968). 
that  vitamin  B injected  by  114  oil  depot, 
half-life  of  about  30-40  days  at  the 

Recently,  it  was  reported  (Dickson  et  el.,  1986)  that  in  sheep, 
followins  the  III  injection  of  a vitamin  E preparation  {5  ml)  suspended 
in  arachis  oil  (400  mg  dl-o-tccopherol  acetate/ml)  into  guadriceps 
muscle,  a considerable  storage  of  vitamin  E occurred  in  their  lymph 
gland  (iliac).  These  workers  observed  chat  in  the  injected  sheep  a 
continuous  increase  of  vitsmin  £ concentration  occurred  during  3 weeks 
(from  76  ug/g  to  2687/ug/g  lymph  gland).  On  weeks  5 and  6 there  were 
still  high  concentrations  of  vitamin  E (1853  ug  and  550  ug/g)  in  the 
lymph  gland  (iliac)  of  the  killed  sheep.  The  results  of  their 
experiment  showed  that  Che  duration  of  the  experimental  period  was 
relatively  short  and  longer  time  was  needed  in  order  to  establish 

our  experiment  wee  based  on  work  carried  out  on  chicks  (Harusich  et 
al..  1967)  and  in  dogs  (Newmark  et  al..  1975)  dosed  IH  with  various 

peak  within  24  hr.  The  difference  in  initial  d-o-tocopherol  plasma 
values  between  Che  present  3 groups  may  have  been  due  to  different 
roughage  batches  used  before  Che  start  of  the  trial.  The  results 
reported  herein  show  that  the  time  of  slaughter  had  a major  Influence 
on  tissue  vitamin  £ levels.  In  sheep  slaughtered  360  hr  after  IK 
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ftdiDlnlstratlco  of  d-c^tocopherol,  cissue  levels  of  o.(ocopherol  were 
higher  than  thoae  of  control.  In  aoie  casee  there  were  large 

coiBpariaona  difficult  between  corresponding  tissues  in  the  various 

Che  preferred  storage  cissue  for  vicaeln  £.  According  to  Hachlln  et 
al.  (1979)  adipose  tissue  tocopherol  Is  not  reedllr  available  upon 
eetabollc  deoiand.  Tocopherol  concentrations  in  the  liver  of  control 
were  low  indicating  lev  dietary  intake.  Raineel  and  Cunllffe  (19B3) 
using  HPLC  reported  chat  levels  of  2 eg  of  o-tocopherol  per  kg  of 

these  workers  o-tocopherol  hepatic  levels  less  than  2 sg/kg  becouie 
health  problems.  In  deer.  Meadows  et  al.  (1962),  also  using  HPLC, 
observed  liver  o-tocopherol  concentrations  of  3 ug/g  wet  tissue. 

tocopherol  concentration  in  sheep  adnlnlstered  IH  two  vitamin  E 
preparations.  A more  sustained  increment  In  plassia  o-tocopherol  was 
observed  in  sheep  IM-inJected  with  d-o-tocopherol  chan  dl-o- 
tocopherol.  Following  d-o-tocopherol  IH  adniniscraclon.  higher  tissue 
o-tocopherol  levels  occurred  in  sheep  killed  360  hr  after  dosing  chan 


The  bioavailability  of  two  vitamin  E preparations  (d-o-tocopherol 
and  dl-o-cocopherol)  suspended  in  sesame  oil  solution  end  administered 
intramuscularly  was  evaluated  In  sheep.  In  sheep  administered  d-o- 


tocopherol  end  killed  after  350  hr  (Croup  2),  there  ves  a higher 
(PCO.Ol)  bioavBllability  as  assessed  by  the  area  under  the  plessa 
coneentretlon-tliae  curve,  than  for  sheep  killed  240  hr  after  injection 
with  d-o-tocopherol  (Group  3)  or  dl-o-tocopherol  (Group  1).  In  Che  3 
groups  (5  sheep  each)  the  highest  blood  plasoia  o-tooopherol  increisent 
occurred  in  the  d-o-tocopherol  injected  sheep.  For  sheep  injected 

pancroatic,  hepatic,  lung,  spleen  and  ntuscle  tocopherol  concentrations 
were  higher  (PdO.05)  chan  in  the  control  group,  also  In  group  2 there 
was  a tendency  for  higher  tissue  tocopherol  concentrations  than  in  the 
other  vitaoln  E treated  sheep  (Group  1 and  3). 


CBAPTEB  4 

BIOAVAIIABIUTV  OF  VARIOUS  VITAHIX  E COMPOUKDS  IN  SHEEP 
Introducrlon 

The  biological  activity  of  Che  various  tocopherol  cospounds  has 
been  establlahed  Iron  experiisencs  with  laboratory  anloials,  However, 
biopotency  evaluation  of  different  foroia  of  vitamin  E baaed  on  a 
specific  animal  model  (l.e..  rat  antieterility  test)  may  not  be  valid 
for  other  species.  Biopotencies  based  on  this  test  do  not  correlate 
with  human  data.  Recently  Baker  et  al.  (1986)  reported  that  human 
assay  data  confirmed  the  currently  accepted  biopotenciee  of  1.0  lU/og 

respectively.  There  are  little  data  available  for  ruminants  on  Che 

digestive  and  physiological  system  in  ruminants,  the  present 

vitamin  E in  sheep  fed  over  a relatively  long-term  study  (26  days). 

Heterlals  and  Hethods 

Initially,  twenty  crossbred  yearling  wechers  weighing  60  to  70  kg 
were  used.  All  animals  originated  from  a flock  fed  a cwmaercial  mix 
that  consisted  of  56. ASX  corn  meal,  16. 3X  (44X  CP)  soybean  meal,  2SX 
cocconaeed  hulls.  IX  trace  mineral  salt,  dicalcium.  IX  monocalcium 
phosphate,  and  .037X  of  vitamin  A and  D-.  They  were  fed  this  diet 


throughout  the 


administration  of  vitamin  E as  an  adjustment  period.  Tiiej  mere 
randcnly  allotted  to  four  dietary  groups  of  five  each  that  consisted 
of  dOO  International  Units/day/shaep  of  either  (i)  dl-o-tocopherol, 

(2)  dl-o-tocopheryl  acetate,  f3)  d-o-tocopherol  (d)  d-P-tocopheryl 
acetate,  which  was  milled  with  the  commercial  diet.  Appropriate 
amounts  of  the  various  forms  of  tocopherols  were  dissolved  in  absolute 
ethanol  prior  to  diet  miming.  In  the  middle  of  the  experiment,  one 
aheep  from  group  3 and  two  sheep  from  group  4 stopped  eating  and  were 


with  plaarna  separated  from  the  cellular 
refrigerated  centrifuge  and  stored  at  -1 
E,  All  animals  were  slaughtered  after  1 
tieaues  (fat,  muscles  from  the  neck  and 
spleen,  liver,  pancreas)  were  collected 
analyzed  for  d-o-tocopherol. 


s intervals  by  Jugular  puncture 
blood  components  in  a 
30”C  until  assayed  for  vitamin 
30  days.  Samples  from  selected 
leg.  kidney,  lung,  heart. 


plasma  samples,  was  performed  by  high-pressure  liquid  chromatography 
(HPLC)  using  a fluorescent  detector,  fallowing  tissue  homogenization 
and  heptane  extraction.  Identification  and  quantitation  of  o- 
tocopherol  were  obtained  by  comparison  of  retention  time  as  wall  as 
peak  areas  with  tocopherol  standards.  Standards  were  purchased  from 
Eastman  Kodak  (Rochester,  KV.  USA). 


USA). 


Instrumentation 

Die  chromatographic  apparatus  consisted  of  an  M 6000  pump 
WK  septuBless  Injector  (Waters  Associates,  Inc.,  Milford,  Hass 
A Perklrt'Elmer  650-150  fluorescence  apectrophotometer,  equipped  with  a 
microflow  cell  unit,  was  used  for  quantitation.  Wavelength  settings 
were  295  and  350  nm  for  axcitation  and  emission,  respectively.  The 
column  as  a Bondapek  GIB  (3.9  mm  x 30  cm)  of  10  um  particle  slse 
purchased  from  Waters  Associates  (Milford,  Mass.,  USA).  The  mobile 
phase  wss  a solvent  system  consisting  of  methanol  and  water  in  a 97:3, 
with  a flow  rate  of  3 ml/mlnute.  All  solvents  used  were  HRC  grade. 


Haas  Soectronetry  in  Combination  with  Gas  Chromatoaraphv 


Further  identification  of  e-tocopherol  in  various  tissues  was 
carried  out  by  a combination  of  a Hewlett-Packard  (HP)  gas 

(HP-9000),  The  mass  spectrometer  performs  three  basic  functions. 

energy  electrons,  converting  some  of  the  molecules  to  ions.  The  ions 
are  accelerated  in  an  electric  field.  Second,  the  accelerated  Ions 


number  of  ions  which  strike  it,  The  detector's  output  is  amplified 


recorder  (Roboa,  196B).  ELuates  from 
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purified  for  n-tocophero!  by  thin  layer  chromatography  «n  silica  gel 
using  cycloharane-diethylether  r/v)  as  the  solvent. 

Authentic  atanderda  of  d-n-tocopherol , as  uell  as  tissue  samples, 
were  ailylated  before  injection  onto  the  CC/MS  (Ingold  et  al..  1961). 

The  tocopherol  trimethylsilyl  ethers  were  injected  (3  ul)  Into  a 
12  n I 2 mo  i.d.  ultra-1  (OU  101  methyl  silicone)  capillary  column 
maintained  at  2SQ*C  with  an  injector  temperature  of  350”C  and  a helium 

mass-aelectlve  detector.  Hass  spectra  were  obtained  et  an  electron 
beam  energy  of  70  eV  and  an  accelerating  voltage  of  1600  volts. 
Holecular  ions  ranging  from  50  to  600  mess/charge  were  monitored 
continuously. 

Statiatleal  Methods 

Indices  of  bioavailabillcy  of  verlous  preparations  of  vltsmin  E 
were  performed  by  analysis  of  variance.  Thaae  indices  were:  1)  the 

concentreticn  curve),  2)  the  time  of  maaimum  (t  mas)  o-bocopherol 
concentration,  and  3)  the  area  (AUC)  under  the  u-tocopherol  plasme 
concentration  time  curve.  Analysis  of  variance  was  also  used  to 
estimate  the  difference  in  the  vitamin  E concentration  between 
corresponding  tissue  in  the  four  groups,  as  well  aa  among  tlsaues. 


Diet  and  tissues  were  highly  significant  (PtO.OOOl)  in  their 
vitamin  E concentrations,  but  diet  x tissue  interaction  was  not 
significant  (P  > 0.05)  (Table  4.1).  Higher  o-toeopherol 
concentrations  (PCO.Ol)  were  obaerved  in  the  tissues  of  sheep  fed  the 
d'O'tocopherol  than  other  vitamin  E compounds  (Table  4.2).  Analysis 
of  variance  for  each  individual  tissue  of  Che  four  diets  showed 
differences  (PcO.Ol)  only  for  heart,  kidney  and  lung  (Figure  4.1). 
Higher  concentrations  (ug/g  fresh  tissue)  of  o-tocophero]  were 
observed  in  Che  beep's  heart  fed  d-o-tocopherol  (14.74  i 1.64  SE) 
than  in  the  d-o-tocopheryl  acetate  (9.65  t 1.64  SE),  dl-a-tocopheryl 
acetate  (9.47  1 2. 84  SE)  or  dl-o-cocopherol  (6.20  t 2.50  SE) 
supplemented  sheep.  Also,  in  d-o-tocopherol  fed  sheep,  higher 
concentrationa  were  obaerved  In  lung  (12.13  1 2.SS  SE)  Chan  in  d-e- 
Cocopheryl  acetate  (8.99  t 1.51  SE)  or  dl-o-cocopheryl  acetate  (6.14  i 
1.16  SE)  or  dl'O'Cocopherol  (6. 40  ±1,91  SE)  supplemented  sheep.  In 
kidney,  higher  o-tocopherol  concentrations  were  found  in  the  d-o- 
tocopheryl  acetate  (7.20  ± 0.27)  than  d-a-tocophercl  (5,81  ± 0.67  SE) 
or  dl-u-tocopheryl  acetate  (4,78  i 1.84)  or  dl-o-tocopherol  (4.11  ± 
0.63).  However,  analysis  of  variance  did  not  show  a difference  (P  > 
0.05)  among  corresponding  tissues  among  treatments.  In  all  diets, 

these  tissues,  heart,  lung  and  kidney  were 


spleen.  Immediately  after 


TABLE  4.1.  AKALYSIS  OF  VARIANCE  FDR  o-TOCOWEROL  CONCENTRATIONS  IN 
TISSUES  OF  SHEEP  FED  DIFFERENT  FORHS  OF  VITAMIN  E. 


TABLE  4.2.  TISSUE  o-TOCOPHEROL  CONCENTRATIONS  (ug/g  FRESH  TISSUE)  IN 
IHE  FOUR  DIEn. 


10.43* 


a.FS" 

7.72’’ 


difCer«nc 


nCURE  4.1.  o-TOCOPHEROL  CONCENTSATIONS  IN  TOE  VARIOUS  TISSUES  OF 
SHEEP  SUPPLEMENTED  WITH  DIFFESEKT  VITAMIN  E COMPOUNDS 


rinked  lower  (P<0.05),  Lowest  (P<0.(J5)  concentrations  of  o-tocophernl 
were  observed  in  the  luscU  end  adipose  tissue  (Figure  d.l). 

Table  4.3  (and  Figure  4.2)  shows  that  the  relative  retention  tisie 
(minutes)  of  the  trlmethylsllyl  esters  (TMSi)  obtained  from  purified 
o-tocopherol  tissues  samples  are  very  similar  to  that  obtained  from 
the  TliSi  o-tocopherol  standard, 

Maas  spectra  of  the  gas  chromatographic  peak  corresponding  to  the 
o-tocopherol  standard  (msi)  (Figure  4,3)  and  that  corresponding  to 
the  peak  with  the  same  retention  time  obtained  for  the  pancreas,  for 
eremple,  are  identical,  confirming  the  presence  of  o-tocopherol  in 
these  biological  estracts. 

The  peak  obtained  at  mass/charge  502  represents  Che  molecular  ion 
of  a-toeopherol  TMSI  <430  o-tocopherol  + 72  trimethylslljUther).  The 
fragmentation  pattern  reveals  peaks  at  mass/charge  277,  resulting  from 
the  loss  of  the  side  chain  (CjgH^j)  and  at  mass/charge  237  due  to  Che 
cleavage  of  the  chroman  structure  accompanied  by  hydrogen 
rearrangement  and  the  loss  of  a CMj-CeCK  fragment  (Hair  and  Luna. 


Analysis  of  blood  plasma  o-tocopherol  concentrations  eummarized 
in  Table  4.4  show  that  diet  and  tissue  source  were  significant 
(PcO.Ol)  but  not  the  interaction  diet  j day.  Higher  (PdO.Ol)  o- 
tocopherol  plasma  concentrations  were  observed  in  sheep  supplemented 
with  d-o-tocopherol  on  days  9,  15.  17  and  25  (Figure  4.4)  than  in  the 


sheep  fed  d-o-tocopherol, 


TABLE  4.3.  RCTENTION  TIME  OF  s-TOCOPHEBOL  FM«  GAS- 
CHBCHATOGRAmr/HASS  SPEaSCSiETSV . 


Relative  retention  tire  (nimites) 

Standard  a>tocopMerol 
Pancreas 


1:  Trlrethylsllyl 
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MASS<CHARGE 


IDENTIFICATION  OF  a-TOCOPHEBOL  BY  GAS-CHBOKATOGBAPHY/MASS 
SPECTROPHOTOMETRY  (A)  a-TOCCPHEBOI.  STANDARD,  (B)  a- 
TOCOHIEJiOL  IN  PANCREAS 
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FIGUSE  4.3.  NASS  SPECTRAL  SCAN  OF  TOE  e-TOCOPHEROL  SIANDABD  (A)  AND 
t.-TOCOPHEROL  IK  THE  PANCREATIC  TISSUE  <B)  FOLLOWING 
HPLC  COLLECTION 


TABLE  4.4.  ANALYSIS  OF  VARIANCE  OF  »-TOCOPHEROL  CONCENTRATIONS  IK 
BLOOD  PUSNA  OF  SHEEP  FED  DIFFERENT  FORMS  OF  VITAMIN  E. 


TABLE  4.5.  AREA  (AUC)  UNDER  THE  PUSHA-O-TOCOraEROL  CONCEHTHATION 
CURVE  (ug/sil  h"‘). 


d-o-tocopheryl  acetate  90.0  t 9.44" 

dl-a-tocopheryl  acetate  75.0  t 7.3I' 


h.l’> 


o-TOCOPHEROL  COKCENTRSTrONS  IN  THE  BLOOD  PLASMA  OF  SHEEP 
SUPPLEMENTED  WITH  DIFFERENT  VITAMIN  E CXWPOUNDS 


iiaportant  indice  of  bioavailebillCy,  the  area  under  the  plasma  0- 
tocopherol  concentration  tine  curve  (AUC),  was  larger  (P<Q.Q5)  as 
compared  to  dl*a-tocopheryl  acetate  or  dl~B-Cocopherol  supplemented 
sheep  (Table  A.S).  No  acatiaticel  difference  (PiO.OS)  was  observed  in 

groups.  They  were  3.5  t 0.69  (SE)  (dl-n-cocopherol)  and  i.3  1 0.69 
(dl-o-tocopheryl  acetate},  5.11  1 0.77  (d-o-tocopherol)  and  4,5  ± 0,69 
(d-o-cocopheryl  acetate}.  Also,  no  difference  on  the  tine  (days)  of 
oaiinuBi  concentration  (P  > 0.05}  was  observed.  They  were  16.2  t 3.24 
(SE)  (dl-ti-cocopherol},  14.8  i 3.24  (dl-a-tocopheryl  acetate),  11,5  t 
4.30  (d>a>tocopherol)  and  22.3  s 4,96  d-o-tocopheryl  acetate.  The 
elinination  curve  races  (concentration  aaxiinuni/concentration  temiinal} 
in  the  four  groups  were  very  similar.  They  were  1.6  t 0.20  (SE)  (dl- 
o-tocopheryl  acetate),  1,8  t 0.22  (d-o-cocopherol)  and  1.7  ± 0.25  (d- 
o-tocopheryl  acetate)  and  1.4  i 0.20  (dl-o-tocopherol). 

Discussion 


Paucity  of  bloaveilability  data  from  various  forms  of  tocopherol 
in  sheep  limits  any  comparison  with  the  present  data.  Biological 
response  of  sheep  to  dietary  Intake  of  various  forms  of  vitamin  E was 
greater  with  the  d-o. tocopherol  chan  with  its  esterlfled  form  or  the 
isomera.  Indeed,  the  area  plasma  time  curves,  which  provide  s proper 
measure  of  relative  availability  for  physiological  function,  and 
tissue  o-cocopherol  concentrations  were  highest  in  the  d-ci-tocopherol 
supplemented  group.  This  indicates  Chat  in  Che  ruminant  body  there 
may  be  a difference  in  the  transfer  rate  between  natural  and  unnatural 


forms  of  vltamlQ  E (Dunkley  ot  al.,  1967).  As  suggested  li 
(Ueek  et  si.,  1952),  it  could  be  Chat  the  phyafologfcsl  ni 

various  forms  of  vitamin  E on  tissue  storage.  Indeed,  as  use  reported 
for  humans  CDjueCal,  19SA),  the  present  date  on  -tocopherol 
concentrations  in  sheep  tissue  show  a variable  pattern  which  is 
largely  a reflection  of  varied  bioavailabilicy  of  the  different  forms 
of  vitamin  E.  It  may  be  concluded  that  following  ingestion  of 
equivalent  amounts  <IU)  of  the  various  forms  of  tocopherol  by  sheep  d- 
o-tocopherol  was  more  potent  than  d-m-cocopheryl  acetate  or  the  1- 
isoneric  forms  of  vitamin  E. 


Seventeen  crossbred  yearling  wethers  were  randomly  allotted  to 
four  dietary  groups  that  received  400  lU/dsy/aheep  either  of  (1)  dl-o- 
tocopherol  (five  sheep),  (2)  dl-s-Cocopheryl  acetate  (five  sheep),  (3) 
d-o-tocopherol  (four  sheep)  or  (A)  d-m-cocopheryl  acetate  (three 
sheep).  Blood  samples  were  taken  at  day  0 and  then  at  frequent 
intervals  for  e-tocopherol  determination.  At  rho  end  of  the  28-dey 
eiperlment.  animals  were  killed  and  various  tiasuos  sampled.  Higher 
concentrations  of  m-tocophorol  were  observed  in  tissues  of  sheep  fed 
d-o-tocopherol  chan  the  ocher  tocopherol  forms.  In  sheep  fed  d-o- 
cocopherol , the  most  important  index  of  bioavailebilicy,  the  area 
under  Che  plasma  »-Cocopherol  time  curve  (AOC)  (Glhaldl  end  Perrier. 


larger  as  coopered  to  ocher  foros  of  vit 


supplenencscion. 
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BLOOD  PLASMA  AND  TISSUE  CONCENTRATIONS  OF  VITAMIN  E IN  BEEF  CATTLE  AS 
INFLUENCED  BV  SUPPLEMENTATION  OF  VARIOUS  TOCOPHEROL  COMPOUNDS 

provided  bd  the  following  relationship  according  to  the  National 
Fornulary:  1 og  dl-c-tocopheryl  acetate  ■ 1.0  lU;  1 mg  dl^- 
tocopherol  ■ 1,1  lU;  I ng  d-o-tocopheryl  acetate  - 1.36  lU;  1 ag  d-o. 

animal  bioaasay  (rat  anti-sterility  assay).  Horvitt  <19SO)  and 
Horwitt  et  al.  C19BA)  reported  that  in  hunans,  on  a ng  basis,  d-O- 
tocopheryl  acetate  was  2.15  times  sore  potent  than  dl-e-tocopheryl 
acetate  folloving  a single  oral  dose.  Houever,  Baker  et  al.  (1986) 
confirmed  in  humans  following  a continuous  oral  dosing  that  1 mg  of 
dl-o-tocopheryl  acetate  (all-racemic-o.tocQpheFyl  acetate)  has  a 
blopotency  of  1.0  lU  whereas  d-o-tocopheryl  acetate  (2R,  A'R,  S'E-o* 
tocopheryl  acetate)  has  a biopoteacy  of  1.36  lU  (28  d).  Horwitt 
(1980),  Horwitt  at  al.  (198A)  and  Baker  at  al.  (1986)  uaed  the 
elevation  of  plasma  o-tocopherol  as  a measure  of  bioavsllabillcy. 

Although  much  is  known  about  clinical  signs  of  deficiency  in 
calves  and  lambs  (Rice  end  McMurray,  1982)  very  llctle  attention  is 
given  Co  the  different  pocenciea  of  various  vitamin  E forma  in  cattle. 
The  present  authors  (Hldlroglou  and  McDowell.  1987;  Hidiroglou  et  al., 
19SB)  have  undertaken  a aerlea  of  studies  on  the  utillaaclon  of 


different  chenical  fortns  of  vitaioin  E by  sheep.  That  work  was 
extended  to  cattle  with  the  purpose  of  cotBperinp  plasma  and  tissue  o- 
tocopherol  concentrations  following  supplementation  of  various 

Materials  and  Method 

Twenty-four  Charolals-Hereford  crossbred  beef  cows  ranging  from  2 
to  10  years  of  age  were  culled  6 months  after  calving  from  the  herd  of 
the  Nappan  Experimental  Farm.  N.S.,  Canada.  These  unbred  cows  were 
stratified  by  age  into  four  groups,  and  the  six  animals  within  each 
group  were  randomly  assigned  to  four  dietary  tocopherol  preparations. 
The  treatments  were  d-o-tocopheryl  ecetate,  d-e-tocopherol,  dl-n- 
tocopherol  and  dl-a-tocopberyl  acetate.  Cows  received  daily  1.000  ID 
(a  dosage  above  a physiological  level)  of  their  respective  vitamin  E 
prepnration.  This  amounted  to  735  mg  of  d-a-tocopheryl  acetnte,  671 
mg  of  d-e-tocopherol,  900  mg  of  dl-»-tocopherol  and  1000  mg  of  dl-u- 
tocopheryl  acetate,  reapectlvely.  Each  vitamin  E preparation  was 
diluted  In  alcohol  to  3 ml  and  mixed  with  25  g of  dry  molasses.  *11 
cows  were  individually  fed  2 kg  of  average  duality  grass  hay  (8.7!!  CP, 
35Z  ADF,  54Z  TDK,  ,51Z  Ca,  .231  P.  .02  ppm  Se  and  12  ppm  vitamin  E) 
and  had  ad  libitum  access  to  a barley-soybean  mixture  (Table  5,1)  with 
no  added  o-tocopherol.  The  vitamin  E-molaaaes  mixture  was  prepared 
dally  and  was  topdressed  on  the  grain  portion  for  each  Individual  cow. 


The  experiment  lasted  28  days  after  v 
sacrificed  at  commercial  facilities. 
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TABLE  5.1.  COMPOSITIOK  OF  THE  CRAIN  PORTION  OF 
THE  DIET  FED  TO  COWS  FOR  28  d® 


Ingredient 

Soybean  meal 
Calcium  carbonate 
Dlcalclum  phoaphate 
Vitamin  premia® 


Analyzed  for  vitamin  E and  aeleniun 
(8  ppo  and  ,235  ppm,  reapectlvely). 

Provided,  par  RLlogram  oT  diet: 

5,000  ID  vitamin  A and  500  ID  vitamin 


Provided,  per  Rilogram  of  diet: 

0 mg  Fe,  .hs  mg  Cu.'gisiS  mg  Mn' 
and  8.73  mg  Zn. 


Blood_Collecti2^ 


Blood  sonples  (IB  d1 ) were  obtained  via  lugular  venipuncture  on  d 

o-tocopherol  concentration.  Sanplee  were  alwaya  collected  in  the 
Biornlng  before  vicanln  C creatnencs  were  provided.  Blood  aanples  were 
centrifuged  at  1.000  x g for  IB  Din  at  Imedlateli  after  aampllng. 
and  plaame  was  stored  at  -20*C  until  analyzed  for  o-toccpherol 


samples  were  collected  from  ten  different  tiasues:  heart,  thyroid, 
liver,  kidney,  adrenal,  pancreas,  spleen,  lung  and  neck  ouscle.  These 
samples  were  froaen  within  2 hours  and  stored  at  -20^0  until  analyzed 
for  o-toeopherol  concentration  using  high  pressure  llQUid 
chrosatography. 

Analytical  Method 

Quantification  of  o-tocopherol  in  tissues  was  performed  by  BPLC 
using  a fluorescence  detector  as  described  by  HcHurray  and 
Blanchflower  (1979b)  following  tissue  honogeniaatlon  and  heptane 
extraction  by  the  method  of  Burton  et  al.  (19B5)  and  Ingold  et  al, 
(19B7).  Serum  saoples  were  prepared  for  KPLC  analysis  according  to 
the  method  of  KcMurray  and  Blanchflowor  (1979b).  Identification  and 
quantification  of  o-tocopherol  were  by  comparison  of  retention  times 


tocopherol  standerds.  Selenioe  and  o-tocopherol 


el.  <1968)  end  McHurre;  and  BlanchfLower  (19?9a). 


The  chrofflatographic  apparatus  consisted  of  a H 6,000  pump  and  WK 
septunlass  injector.  A Perkin-Elmer  650-1S0  fluorescence 

quancificacion.  Vavelength  settings  were  295  and  330  nn  for 
escitecion  and  enission,  respectivelj , The  column  uaa  a u Bondapak 
CIS  <3.9  timr  30  cm)  of  10  um  particle  size.  The  mobile  phase  use  a 
solvent  spstefB  (HPLC  grade)  consisting  of  methanol  and  water  <97i3) 


■s  Spectrometry  in  Combination  w. 


Further  confirmation  of  o-tocopherol  in  various  tissues  was 
carried  out  by  a combination  Kewlett -Packard  <flP)  gas  chromatograph 
5790-mass  spectrometer  5970A  series  with  a data  station  fHP-9000). 
Eluate  from  the  HPIC  was  purified  for  e-tocopherol  by  TLC  on  silica 
gel  using  cycloherane-diethylathor  <dtl  v/v)  as  the  solvent. 

silylsted  after  HPLC  as  described  by  Ingold  et  si.  <1987)  before 
injection  onto  the  gas  chromatograph/mass  spectrometer.  The 
tocopherol  trimethylailyl  ethers  were  injected  <3  ul)  into  an  ultra-) 
<0V  101  methyl  silicone)  ceplllary  column  <12-m  s 2-mi  l.d.), 
maintained  at  280“C  with  an  injector  temperature  of  350"C  and  a helium 


S4 


carrier  gea  (lov  rare  of  .5  cc/sln,  which  was  connacced  c«  a series 
mass  selective  detector.  Maes  spectra  were  obtained  at  an  electron 

Molecular  ions  ranging  from  50  to  600  aass/charge  were  oonitored 
continuously. 

Statistical  Method 


Analysis  of  variance  (Steel  and  Torrie.  1980}  was  used  to 
estimate  the  difference  In  e-tocopherol  concentration  among  elmilar 
tine  blood  sanplings  as  well  as  anong  corresponding  tissues  in  the 
four  treatment  groups.  An  additional  two  way  analysis  was  carried  c 


Results 


Supplementation  over  a ] to  7 d period  of  time  with  the  various 
vitamin  E preparations  increased  (Pt.Oll  plasma  n-tocopherol 
concentration  above  the  baseline  level  (Table  5.2).  Plaana  o- 
tocopherol  concentrations  at  1 d were  higher  (P<.01)  than  the  original 
baaeline  values  in  the  d-o-tocopherol  group  but  not  for 
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TABU  5.2.  PLASNA  COKCENTItATION  OF  o-TOCOPHEROL  (us/mlj  IK  CATOE  FED  VARIOUS 
PREPARATIONS  OF  VITAMIN  E. 


Item 

SE 

0 

1 1 

14 

28 

Trestnent 

d-ct~txopheryl  aceta 

e 1,49«B 

2.46'’f8 

.BA*"*® 

7.65**’® 

.71 

4.18* 

d-o-tocopherol 

1.39®f 

3.82*®  5.25*® 

.41*® 

9.22*® 

.58 

b.Bl'’ 

dl -e-tocopherol 

1.39«8 

2.4o''‘8  3.14>'®f 

.98'’® 

5.44'’®® 

.44 

3.27® 

dl-e-tocopherpl  acet 

te  l.37«f 

2.65‘®f  3.10'-''® 

.02*’®® 

4.62'® 

.52 

3.16® 

5E 

.10 

.25  .45 

.82 

.82 

.27 

Dor  nesn 

1.41^ 

2.83®  3.80^ 

.518 

6.73'’ 

.31 

“'“’•Swn*  in  the  sane  colunn  with  different  letters  in  their  superscripts 
differ  (P<0.01). 

'’.*'‘'®Heans  in  the  sane  row  with  different  letters  in  their  superscripts  differ 
/Pen  nM 


Che  ocher  groups  (P>.05).  To  elevate  plasisa  o-tocophercl 

sampling  dates  except  at  28  d.  where  its  effect  was  not  different 
(P>.05)  frooi  d-a-Cocopheryl  acetate  {Table  3.2).  D-o-Cocopherol 
suppleeenteticn  during  the  28  d eaperinencal  period  resulted  in  the 
highest  blood  plasnm  a-tocopherol  concentration  followed  by  d-ci- 

increased  continuously  froai  Q to  28  d (Table  3.2).  The  difference  In 
plasma  a-tocopherol  concentration  (ug/ml)  between  d 28  and  d 0 were  as 
follows  (Table  3.2).  D-a-tocopheryl  acetate  ■ 6.16;  d-o-tocopherol  ° 

7.83;  dl-a-cocopherol  * d.03;  dl-a-tocopheryl  acetate  * 3.25. 

vs  dl-a-tocopheryl  acetate  (1.0  lU/ng)  could  be  calculated  es  follows: 
(4.03  X 1.1  lU/ng) 

dl-a-tocopherol . 1.37  Ill/mg;  d-a-tocopheryl  ececate 

3.23 

(6.16  I 1.36  lU/ag)  (7.83  x 1.1  i 1.36  IU/»g) 

■ 2.58  lO/esi  d-o-cocopherol 

3.25  3.25 

w 3.60  lU/ag. 

Tissues 

There  were  differences  among  treatments  (Pd.Ol)  and  types  of 
tissue  (Pd.OOOl)  in  vitamin  E tissue  concentrations  at  slaughter  28  d 
after  aupplesencation  began  Fig.  5.1  and  Table  3.3).  The  adrenal 
gland  and  liver  concentrations  of  a-tocopherol  were  greater  (Pd.Ol) 
for  cattle  fed  d-o-tocopherol  or  d-o-tocopheryl  acetate  than  when  fed 
racemic  forms  of  vitamin  E.  The  a-tocopherol  concentrations  were 


FIGURE  5.1.  o-IOCOPHEROL  CONCENTRATIONS  IN  TOE  TISSUES  OF  CATTLE 
SUPPLBOTED  WITH  DIFFERENT  VITAHIN  E COMPOUNDS 


TISSUE)  IS  CATTLE 


Thyroid 


‘•‘■•'Tte.n.  i.  , 
CP<0.05). 

differ  (PcO.OI 


r superscrlpcs  d 


h different  letters  ii 


r superscripts 


lower  in  the  kidney  (P<.05)  end  lung  (Pd.Ol)  of  the  cattle 

Creetniencs,  Higher  concentrations  <P<.05)  of  o-cocopherol  were 
observed  in  the  thyroid  of  cattle  fed  dl'o-tocopherol  than  in  that  of 
the  cows  receiving  d-o-tocopheryl  acetate,  but  the  e-tocopherol 
concentrations  were  higher  {P<,05)  in  the  spleen  of  the  group  fed  d-o- 
tocopheryl  acetate  than  in  chat  of  the  dl-o-tocopherol  group.  No 
difference  (P>.0f)  was  found  for  heart  and  muscle  as  a result  of 
feeding  the  various  forms  of  vitamin  E, 

Across  all  Che  treatments.  Che  adrenal  gland  contained  the 
highest  o-tocopherol  concentration,  followed  generally  by  the  liver  or 
heart:  the  lowest  concentrations  were  observed  in  the  thyroid  and 
muscle  tissues  (P<.03)  {Table  5.3  and  Figure  5.1), 

Identity  of  o-tocopherol  in  tissues  was  confimad  by  comparing 
the  inass  spectra  of  the  o-cocopherol  standard  to  those  obtained  by 
collecting  Che  eluates  from  the  HPLC  and  Introducing  it  into  the  gas 
chroaatography/mass  spectrometry  systent  following  silylation.  A good 
spectral  match  was  obtained  for  the  sampled  compered  with  the  o- 
tocopherol  standard  spectre.  Hass  spectra  of  Che  gas  chromatographic 
peak  correaponding  to  the  o-tocophercl  standard  (lliSi;  Fig.  5.2)  and 
that  corraaponding  to  the  peak  with  the  same  retention  time  obtained 
for  Che  plasma,  for  exemple,  are  identical,  confirmiag  Che  presence  of 
u-cocopherol  in  chose  biological  eitreccs.  The  peak  obtained  at 
■ass/charge  502  represents  Che  molecular  Ion  of  o-tocopherol  (TSMl: 

A30  for  o-cocopherol  + 72  for  trimethylsilyl  ether).  The 
fragmentation  pattern  reveals  peaks  at  mass/charge  277  reaulcing  from 


nGURE  5.2.  MASS  SPECTRAL  SCANKING  OF  ITIE  a-TOCOPHEROL  STANDARB 
(A)  AND  IN  BLOOD  PUSHA  (B)  FOLLOWING  HPLC  COLLECTION 
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the  loss  CO  Che  cleavage  of  the  chroaan  structure  accoepanie^  b;r 
hydrogen  raarrangeaient  and  che  loss  of  a CK--C-CH  fragtnenc. 

Dlacussion 

The  data  show  that,  io  cattle,  a greater  elevation  of  plasoa 
levels  of  n-tocopherol  occurred  over  pre-treatisenc  levels  after 
ingestion  of  Che  naturally  occurring  d-o-tocopherol  than  its  ester 
fores  or  the  1-epieer  of  a-Cocopherol,  These  results  agree  with  those 
of  Baker  et  al.  (1980)  who  reported  in  humans  that  plasma  o-tocopherol 

administered  rather  Chan  its  acetate  ester.  According  to  Hachlln  and 
Gabriel  C19B2),  che  higher  blood  plasma  a-tocopherol  attained 
following  supplenencation  with  e.cocopherol  compared  Co  o-cocopheryl 
acetate  suggests  that  hydrolysis  of  the  acetate  may  be  a limiting 
factor  when  high  levels  of  the  vitamin  are  administered.  Harris  and 
Ludwig  (1949)  reported  lower  blood  plasma  o-tocopheroI  levels  in 
humans  dosed  with  che  nonescerified  rather  chan  escerlfled  forms. 

This  is  ralated  Co  a diet-mediated  oxidative  destruction  of  che  free 
form  In  the  gut  prior  Co  its  absorption.  This  does  not  seen  to  be  Che 
case  with  ruminants.  Indeed,  che  stability  of  d-o-cocopherol  in 
ruminal  Uguor  Is  high  (Astrup  et  al..  1974b).  Vitamin  E is  not 
metabolized  or  oxidized  Co  any  great  extent  io  che  gastrointestinal 
tract  of  cattle  (Astrup  et  al. . 1974a), 

Levels  less  than  l.b  ug/ml  In  blood  plasma  were  considered  by  several 
workers  as  potentially  hazardous  for  cattle  (HcMurray  and  Bice,  1982; 


Pecer^n  end  Hekkerainen.  1986).  Following  vitaain  E adminlstrsclofi. 
the  levels  increased  progressively  lor  all  treaCitencs  during  Che  4 wk 
experloental  period  to  the  range  (&  Co  9 ug/ol)  reported  acceptable 
for  beef  cattle  (Sayfield  and  Mylrea,  1969). 

In  huinans  and  Bonkeys,  Hachlln  and  Gabriel  (1992)  reported  that 
it  la  advisable  to  treat  subjects  with  high  levels  of  o-tocopherol  for 

preparations,  most  studies  (Horwitt  ec  al.,  1984;  Baker  et  al.,  1986) 
have  relied  on  serum  o-tocopherol  ccncentretlons  and  have  paid  little 
attention  to  tocopherol  concencraciona  in  tissue.  In  Che  present 
experlaenc,  tissue  analysis  showed  higher  concentrations  following  d- 
o-tocopharol  or  d-o-tocopheryl  acetate  suppleetencaclon  than  with  Che 
racemic  forms.  These  results  suggest  strongly  chat  d-e. tocopherol  or 
its  acetate  form  is  more  available  Co  bovine  tissue  than  the  1-epiner. 
Cattle,  like  the  rat,  appear  to  diacriminate  well  between  2R,  4'R. 

8*R,  and  2S,  4'R,  8'R  o-cocopherol  (Ingold  et  al.,  1987). 

DJu  et  al.  (1936)  reported  that,  in  the  human  body,  there  is  a 
wide  variation  in  the  distribution  of  n-tocopherol  in  the  various 
tissues.  In  the  present  experiment,  highest  concentrations  were 
detected  in  the  adrenal  gland  and  liver.  The  liver  is  the  major 
storage  organ  for  o-totopherol  (Hachlln  and  Gabriel,  1982)  and  (for  a 
short  time  at  least)  helps  msintsln  plaama  tocopherol  levels  whan  Che 
Intake  of  vitamin  E becomes  inadequate.  As  indlcsted  earlier,  in  rats 
(Behrens  and  Hadere,  1986).  the  adrenal  gland  accumulated  more 
tocopherol  per  gram  of  tiasue  than  other  tlasues. 


regardless  of  the 


source  of  vicaein  E supplenencacfon.  In  general,  the  apparent 
biopotency  of  various  vicaein  E sources  for  cattle  are  cooparable  to 
results  reported  for  humans  by  Horvitt  et  al.  09B4). 


Twenty-four  crossbred  beef  cow. 
concentration  of  (o-tocopherol)  in 
adoilniEtration  of  four  tocopherol  s> 


Che  following  treataente:  dl-o-tocophercl , d-o-cocopherol,  dl-«- 
tocophery]  acetate  and  d-o-tocopheryl  acetate.  Animals  received  a 
daily  oral  dose  of  1,000  lU  of  the  respective  tocopherol  treatnent  for 
28  d and  then  were  slaughbered.  Blood  samples  were  collected  on  d 0, 

ten  different  tissues  were  collected  from  slaughtered  cows. 
Identification  of  o-tocopherol  in  tissues  was  confirmed  by  HPLC 
retention  times  and  by  cooparlson  of  mass  spectra  with  that  of  o- 
tocopherol  standards.  The  d-o-tocopherol  and  its  acetate  ester 
increased  plasma  tocopherol  concentration  faster  than  the  racemic 
products  with  the  greatest  response  occurring  with  d-o-tocopherol. 
Across  all  treattnencs,  the  highest  o-tocopherol  concentrations  were 

and  thyroid  tissue.  Tissue  analyses  confirmed  that  in  adrenal  gland, 
kidney,  liver  and  lung,  o-tocopherol  cohcentrations  were  higher 
following  d-o  chan  dl-o-tocopherol  supplementation. 


CHAPTE9  6 

PLASMA  T0C0PHE80L  IN  RUMINANTS  AFTER  INGESTING  FREE  ® ACETTLATEII 
TOCOPHEROL 


Administration  of  a massive  dose  of  vitamin  E la  one  of  the  usual 
methods  In  the  prophylaxes  of  vitamin  E deficiencies  (Ogihara  et  al., 
19E5).  Overman  et  al.  (1934)  reported  in  humans  that  a single  massive 
oral  dose  of  vitamin  E is  effective  in  increasing  the  free  tocopherol 
plasma  level  to  a significant  degree  after  six  hours.  This  temporary 
rise  with  ensuing  drop  has  been  designated  as  a tolerance  curve.  The 
tolerance  curve  mirrors  the  intestinal  absorption  of  vitamin  E. 


However,  on  this  subject,  the  data  fc 
physiologic  differences  in  metabolic 


on  Che  hloavallabillty  of  the  various  forms  of  vitamin  E.  For  this 
reason,  the  objective  of  the  experiisent  was  to  gain  information  on  b. 

different  chemical  forms  of  tocopherols  but  with  identical  weights  oi 
these  compounds,  namely  dl-o-tocopherol  and  dl-o-tocopheryl  acetate. 


Materials  and  Mi 


Ten  yearling  crossbred  wethers  weighing  40  to  50  kg  were  used.  All 
animals  originated  from  a flock  fed  a commercial  diet  that 


consisCe4  of  corn  meal,  56.45K;  soybean  loeal  (44!f  CP),  16. 5Z; 

IZ;  and  .037Z  of  vitamin  A and  D^.  They  were  continued  on  this  diet 

cages  ID  days  before  adminlacretions  of  vitamin  E as  an  adjustment 
period.  They  were  then  randomly  assigned  to  two  groups  of  five  sheep 
each,  Each  animal  received  a single  intraruminal  dose  of  either  (1) 
dl-o-tocopherol  Cl  mg  ■ 1.10  lU)  or  (2)  dl-o-tocopheryl  acetate  Cl  mg 
- 1.0  lU)  at  a rate  of  100  mg/kg  body  weight. 


Four  crossbred  dairy  heifers  Caveraging  250  kg)  were  used  in  a 
crossover  design  with  two  20  d periods,  They  were  given  ad  libitum 
access  to  hay  and  water  during  the  study.  In  the  first  period,  two 
heifers  were  administered  orally  with  dl-a-tocopherol  and  two  with  dl- 
o-tocopheryl  acetate.  The  single  dose  given  Cor  each  component  was  50 
■g/kg  body  weight.  The  end  of  the  flret  period  was  followed  by  s 
three-wk  wsshing  period.  Then  the  treatment  was  reversed  and  the 
procedures  were  repeated  in  period  2. 


Blood  Samples 

Blood  samples  were  withdrawn  from  the  jugular  vein  in  heparinized 
vacutalners  and  iimoedlately  were  centrifuged.  They  were  collected 
before  vitamin  E adminiatrations  and  at  precise  Intervsls  (Figures  6.1 
and  6,2).  Plasma  was  separated,  frozen  and  stored  at  -20“C  until 


analyzed  for  o-tocopherol. 


dl-o-TOCOPKERVL  ACETATE 


PLASMA  TOCOPHEROL  CONCHITRATIOH  (uG/ML)  IK  SHEEP 
FOLLOWING  ADMINISTRATION  OF  A SINGLE  MEGADOSE  (100  MG/EG 
BODI  WEIGHT)  OF  (A)  DL-o-TOCOPHERTL  ACETATE  OR  (B) 
DL-B-TQCOPHEROL 


-0-TOMPHtRYL  ACHATE 
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PUSMA  TOCOPHEROL  COHCENTRAIION  (uG/ML)  IN  CATTLE 
FOLLCKING  ADMINISTRATION  OF  A SINGLE  DOSE  (50  HG/RC 
BODY  WEIGHT)  OF  (A)  DL-o-TOCOPHERYL  ACETATE  OR  (B) 
DL-d-TCCOPHEROL 


Plesiria  saaplas  were  prepared  for  high  pressure  liquid 
chrcfoaCographr  (HPLC)  according  Co  Che  nethod  of  HcHurray  and 
Blanchflover  (1979).  The  chroiaacographic  apparatus  consisted  of  a model 
6000  pump  and  WK  sepcumlesa  injector  (Waters  Associates,  Milford, 

with  a nlcroflou  cell  unit,  was  used  for  quantification.  Wavelength 

The  coluao  was  a u Sondapek  C18  (3.9  mm  a 30  cm)  of  10  pm  particle  size 
purchased  from  Waters  Associates  (Milford,  Mass.)  The  mobile  phase,  a 
solvent  system  (HTLC  grade),  consisted  of  methanol  and  water  in  a 97:3 


Statistical  Analysis 


The  Indices  of  bioavailability  were  calculated  for  each  individual 
sheep  or  cattle.  These  indices  were:  (1)  the  maximum  e-tocopherol 

plasma  (C  max)  concentration  (peak  of  plasma  o-cocopherol  curves);  (2) 
the  time  of  maximum  (t  max)  o-tocopherol  concentration;  and  (3)  Che  erea 
(AUC)  under  the  o-tocopherol  plasma  concentration  time  curve  (Gibaldi 
and  Perrier.  1975).  Statistical  analyais  was  carried  out  by  analysis  of 
variance  (sheep)  or  covariance  (cattle)  by  the  general  model  procedure 
(SA5.  1980).  The  following  model  was  uaed  for  the  sheep, 


ViJ  - 


while  for  cattle 


YiJ  . V 4 4 ti  4 Ij- 


Followifig  Che  oral  adnlnlecratlcn  of  the  two  vitaniii  E 
preparacloha  Co  sheep,  chere  was  an  increase  in  Che  plasaa  o- 
cocopherol  level  (figure  6.1).  The  peak  of  this  increase  was  reached 
faster  (P<.05)  in  Che  dl*o-tocopherol  than  in  its  cater  fom  (Table 
6.1).  The  shorter  T-Dasiaum  observed  in  the  dl-a-cocophercl  dosed 
group  nay  have  contributed  Co  a faster  onset  of  biological  action. 

The  data  show  that  plaana  ct-cocopherol  concentrations  had  a 

tendency  (Pb0.05)  to  be  higher  in  Che  dl-e-Cocopherol  than  in  the 
ester-dosed  group.  A direct  coaparison  of  the  plastoa  tolerance  curve 
area  (AIFC)  between  the  two  groups  (Table  6.1),  showed  that  the  AVC  was 
higher  (Pd.aS)  in  the  dl-a-cocopherol  Chan  in  the  sheep  adninlstered 
with  dl-n-cocopheryl  acetate  (Table  6.1). 

Haxioua  plaseia  vitamin  E concentration,  as  well  the  tolerance 
curve,  are  dependent  chiefly  on  factors  affecting  the  absorption  of 
the  vitamin  from  the  intestine.  Our  results  showed  that  the 
effectiveness  of  the  absorption  indicated  by  the  tolerance  curve  area 
was  higher  in  the  sheep  dosed  with  free  alcohol  form  than  with  the 
acetylated  group.  The  higher  peak  observed  in  the  plasma  tolerance 
curve  in  the  dl-o-cocopherol  group  then  in  its  acetate  form  probably 
reflects  its  higher  potency.  At  Che  end  of  the  cwo-wk  experimental 
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TABLE  6 1.  DL-o-TOCOPHESOL  PHARHACOnNETlC  PLAWA  VALUES  (LEAST  SCJUABE 
MEANS  t SE)  IN  SHEEP  AFTER  A SINGLE  ORAL  ADMINISTRATION 
OF  VITAMIN  E (100  ng/kg  BODY  WEIGHT). 


Cmi'  Tmi^  Co^  CmiCo  Cc  Ct/Co  (kax/Ct  AUC 
(ug/ol)  (hr‘)  (ug/iil)  (ug/al)  (vg/nl)  (pb/°1)  <ug/»I) 


3.581.22  2S.5±A.04 


<■05 


.42*.06  8.99±1.13  ,73t.07  i.80».25 

.411.05  7.67*1.01  .59t,06  1.501.22 
Significance  (PI 


4.951.56 


5.361.48 


332. 18120.27 


^Initial  plasia  concincracion, 

^Terninal  plasma  cc 

^Significance  tested  following  analysis  o: 
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6.2.  TRIAL  2:  &-O-T0C0PHER0L  PHARMACOKINETIC  PLASMA  VALUES 
(LEAST  SQUARE  MEANS  t SE)  IN  CAmE  AFTER  A SINGLE  ORAL 
AWINISTRATION  OF  VITAMIN  E (30  ag/kg  BODY  WEIGHT). 


Cmi'  Toax^  C»a«/Co  CT^  CT  Caek/CT  AUC* 

(ug/al)  (hr-1)  (ug/ml)  (vg/al)  (ug/ovl)  (ug/nl)  (u/nl/hr 


period,  the  tenalnel  plasjna  tocopherol  levels  In  both  groups  were 
higher  (P<.05)  then  the  original  values. 


A few  hours  after  oral  dosing  in  hot 
an  increase  in  plaana  a-tocopherol  level! 
was  absorbed  with  higher  effectiveness  tl 
shown  b;r  its  greater  plesna  coLerence  cut 
higher  naxiraa  concentration  and  speedier 
was  signiflcentlv  less  utlliastion  of  the  ester  foi 
alcohol  form.  In  the  present  experiment,  the  systt 
in  ednlnistering  the  two  vitemin  E doees  Binlmized 


ind  its  tendency  ti 


of  rotation  usi 


Discussion 

In  the  present  experiment.  Che  plasma  persistence  curve  was 
physiological  function  following  oral  dosage  Co  ruminants  with  two 


sufficiently  to  induce  a superior  persistence  curve  area  response  to 
that  of  identical  weight  of  the  esterifled  form.  It  is  possible  that 
the  degree  of  hydrolysis  could  be  an  Important  factor  in  the  shape  of 
the  tolerance  curve.  As  the  stability  of  free  tocopherol  la  known  to 
be  inferior  to  that  of  tocopherol  esters,  it  may  be  bypotheaitad  that 
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the  relative  less  tavoreble  respoeee  to  tocopherol  ester  is  due  to 
factors  iofluencing  the  hydrolysis  of  these  esters. 

tocopheryl  acetate  following  hydrolysis  is  split  in  the  intestinal 
mucosa  and  is  absorbed  as  free  tocopherol  from  the  gut  and  passed  to 
tho  systemic  circulation  via  the  lymphatic  system,  according  to 
Tikrlti  (I960),  in  cattle  the  acetylated  form  of  vitamin  E la 
hydrolyzed  in  the  digestive  system,  beginning  in  the  rumen,  and 
appears  to  be  utilized  somewhat  less  efficiently  than  the  free  form. 

(1971),  the  possibility  of  a rate-limiting  hydrolytic  reaction 
occurring  in  the  lumen  of  the  intestine  prior  to  entrance  of  the 
vitamin  E into  the  inteatlnal  wall  of  the  ruminaot  anijanl. 

Our  results  showed  that  T-masima  Is  much  longer  in  riimlnants  chan 
in  humans  following  oral  loading  with  vitamin  E.  Indeed,  Hashim  and 
Schucclnger  (1966)  observed  that  in  normal  human  subjects  plasma 
tocopherol  levels  began  to  rise  between  2 and  n h and  peaked  at  7.5  h 
following  oral  administration  of  vitamin  E.  They  also  observed  that 
at  29  h the  plasma  tocopherol  level  had  declined  end  that  at  66  h 
post-absorptive  levels  were  reached.  Marusich  at  al.  (1967)  reported 
that  In  chickens,  following  the  administration  of  a single  oral  dose 
(SO  lU  of  dl-o-cocopheryl  acetate),  the  pealc  plasma  values  obtained  at 
6 h were  followed  by  a steady  decline.  However,  in  rats,  Marusich  et 

following  admlniacratlon  of  a single  oral  dose  of  dl-o-Cocopheryl 


The  feet  that  tha  bloloRical  response  to  dl-o-tocopherol  was 
greater  than  with  its  acetylated  form  agrees  with  the  results  reported 
in  humans  (Baker  et  al.,  1980).  These  workers  observed  that  following 
administration  of  a single  oral  dose  (800  mg)  of  dl-o-tocopheryl 
acetate,  plasma  d-o-tocopherol  peaked  (50X  from  the  initial  value)  8 h 
after  ingestion.  The  same  dose  of  free  tocopherol  induced  a greater 
rise  (60Z  Cron  the  original  value)  in  0 h. 

It  seems  that  dl-n-tocopherol  eerves  more  pharmacological  action 
when  ingeated  in  amounts  many  times  the  generally  recognised 
nutritional  requirements  than  its  esteriCied  form.  The  results 
demonstrated  that  T max  was  faster  following  oral  dosing  of  the  free 
than  acetylated  fora.  This  suggests  that  the  hydrolysia  rate  of 
esterlfied  tocopherol  to  the  physiologically  active  free  tocopherol  is 

concencration  time  curve  undoubtedly  was  influenced  by  Che  amount  of 
vitamin  E activity  again.  Indeed,  the  higher  vitamin  E potency  of  dl- 
o-tocopherol  (1.1  lU/mg)  compared  to  1,0  Il)/mg,  for  the  ecetate  form 
probably  contributed  to  the  tendency  of  a higher  plasma  vitamin  E peak 
es  well  as  the  greater  AUC. 

la  Che  present  experiment,  initial  plasma  cocapheral 

values  observed  by  Pehrson  and  Bakkarainen  (1986)  and  Bakkarainen  et 

fed  a coamerciel  diet  was  very  low.  In  grain-fed  sheep.  Caravagl 
(1969)  reported  plasms  concentraclona  of  .89  ± .16  SD  pg/ml.  Scorer 


(1974)  observed  higher  plasoa  tocopherol  concentrations  <1.28  » .07 
ug/el)  (or  sheep  fed  dry  (eed.  It  appears  chat  in  the  rualnant 
animal,  following  a single  oral  dose  of  dl-o-tocopherol  or  its 
acetyleted  forcv.  Che  tereinal  values  were  higher  in  sheep  and  cattle 
chan  the  initial  values.  This  my  be  related  to  s slow  saturation  of 
tissues  with  both  forms  of  tocopherol.  However,  no  difference  was 
observed  In  the  elimination  races  (C  max/CT).  In  conclusion,  the  data 
in  rusinants  confirm  the  higher  biological  potency  of  the  dl-a- 
tocopherol  vs.  dl-o-tocopheryl  acetate. 


They  received  100  mg/kg 


Two  trials  were  carried  out  in  order  to  evaluate  Che 
bioavaiUbillcy  of  dl-a-tocopherol  and  dl-o-tocopheryl  acetate 
BdiBiniscered  to  sheep  or  cattle  in  a single  oral  dose.  In  the  f 

body  weight  of  either  dl-a-cocopherol  or 

were  higher  in  the  dl-a-tocopherol  groop 

(PCO.OS)  in  the  dl-a-tocopherol  group  than  in  its 
second  trial,  four  heifers  received  the  two  forme 
weight)  in  rotation  after  an  appropriate  washing 

observed  in  the  cattle  following 


CHAPTEB  7 

PLASHA  AND  TISSUE  VITAHIN  E CONCENTRATIONS  IK  SHEEP  AFTER 
ADMINISTRATION  OF  A SINGU  INraAPERITONEAL  DOSE  OF  dl-a-TOCOPHEROL 


There  have  been  remarkably  fev  systematic  inveetigatlons  on  the 
dispositian  of  pharmacologic  doses  of  vitamin  E in  sheep.  Massive 
doses  In  sheep  can  be  given  orally.  Intramuscularly  (Di)  or 
Intravenously  (IV)  (Hldlroglou  and  Karplnskl,  1967).  Bloavallabillty 
of  vitamin  E after  intramuscular  (IM)  administration  has  recently  been 
reported  (Hldlroglou  and  McDowell,  1967). 

A potential  alternative  to  IV  or  IH  dosing  could  be  the  delivery 
of  vitamin  E Into  the  peritoneal  space.  Since  no  studies  have  been 

tissues  following  sdnlnistration  of  a single  intraperitoneal  (IP)  dose 
of  vitemln  E,  such  s study  using  dl-a-tocopherol  was  undertaken. 


Twenty-five  clinically  normal,  one-year-old,  crossbred  wethers 
were  used  in  the  study.  The  sheep  weighed  from  30  to  35  kg  at  the 
beginning  of  the  experiiBent,  A standard  diet  (Table  7.1)  and  water 

sleughtered  at  d (J  as  the  control  with  no  treatment.  Thereafter,  4 
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SHEEP“ 


In^re^ient 


Soyb«en  meal 
Cottonsaad  hulls 


^Analyzed  for  vltanin  E and  Se  (8  ppai  aad  .233  ppa.  respectively). 
^Provided,  per  kilograoi  of  diet:  2.1  g )laC],  ,22  eg  1,  .068  mg  Co. 

^Provided,  per  kilogrsa  of  diet:  5,000  III  vicaain  A and  500  10 
viceeln  D. 


sheep  were  selected  st  random  and  killed  et  each  of  days  3,  6.  10,  15 
and  28  after  dosing. 

Five  g of  dl-e-tocopherol  were  given  intraperitoneally  (IP)  to 
each  created  sheep  as  a single  injection  in  emulsion  (Tween  80)  with  a 

technldu#  of  Hurter  (1997).  Blood  samples  were  withdrawn  by  jugular 
puncture  at  designated  times  prior  to  (0)  and  after  vitamin  E 
administration  (3,  6,  10,  15  end  28  d)  and  collected  in  heparlniaed 
cubes.  Plasma  was  obtained  upon  centrifugation  st  500  a g for  15  min. 
The  animals  were  hilled  by  easanguination.  Portions  of  kidney,  liver, 
adrenal,  pancreas,  skeletal  muscles,  heart,  spleen  and  lung  were 
removed.  All  tissues  were  rinsed  in  water  and  their  surfaces  dried 

dissect  away  superfluous  adipose  tissue.  All  tissues  and  plasma  ware 
stored  st  -20"C  until  analyzed  for  s-cocopherol  concencretion. 


iphy  (HPEC)  using  a 


Analytical  Methods 

performed  by  high  pressure  liquid 
fluorescent  detector  (McNurray  snd  Blsnchflowar,  1979).  The  HPLC 
consisted  of  an  N6000  pump  and  Wg  septumless  injector.  A Perkin-Elmer 

unit  was  used  for  quantification.  Wavelength  settings  were  293  and 
330  nm  for  exciteCion  and  emission,  respectively.  The  column  was  a p 
Bondapak  (3.9  mm  x 30  cm)  of  10  imiparticle  size.  Elution  was 
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nl/inin.  All  iolvetits  used  for  the  HPLC  Bohlle  phase  or  for  the 
extraction  were  RPLC  or  pesticide  grade.  Tissue  satiples  for  vitanln 
E decersilnatlon  were  prepared  accordiog  to  the  method  of  Burton  et  al. 


Statistics 

One-way  analysis  of  variance  (AHOVA)  was  performed  on  the 
logarithms  of  the  tissue  values  and  the  tissue  to  plasma  ratios. 
Logarithms  were  taken  to  stahillte  the  variances  which  Increased  with 
increasing  concentrations.  To  further  study  the  effect  of  tine,  five 
contrasts  were  examined  (SaS  Institute,  1983).  Untrensformed  means 
have  been  presented  with  approximate  standard  errors  based  on  the 
analysis  of  the  logarithms,  Residuals  were  examined  and  an  outlier 
was  identified  using  Tletjen  and  Moore's  statistic  CTietJen  and  Moore, 
1972).  The  changes  which  occurred  when  this  outlier  was  removed  from 

Plasma  values  were  also  analyzed  by  analysis  of  variance.  This 
analysis  was  a one-way  ANOVA  of  time  within  the  animal,  here  also,  a 
transformation  to  logarithms  was  necessary  and  the  time  effect  was 

Results 

Mean  levels  of  dl-e-Cocopherol  in  tissues  and  plasma  sc  Che  time 
of  slaughter  ere  given  in  Table  7.2,  The  accompanying  analysis  of 
variance  of  Che  logarithms  of  these  values  at  slaughter  la  given  in 
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TABLE  7 2 MEAN  LEVELS  OF  a-TCCOPHEBOL  IN  TISSUES  (us/b  FRESH)  AND  PLASMA 
(uj/a'I)  ■'T  time  of  SLAUGHTER. 


Adrenal 


03.09)'’ 

(270.01) 

(47.67) 

(31.59) 

(9.24) 


21M  (.20H) 
UH  (.12M) 
25H  (.23M) 


Leg 


(160.60) 

(216.34) 


25M  (.19M) 
18H  (.IW) 
35K  (.27M) 
43H  (,25M) 


“The  standard  error  of  the  mean  Is  based  on  the  analysis  of  variance  on  the 
transforDed  scale  and  is  approslaate.  It  varies  with  the  mean,  M,  and  has 

“The  values  in  parentheses  are  the  results  when  one  outlier  was  removed. 


m 


Tablr  7,3.  Tbera  «HS  s significant  tine  effect  far  all  the  tissues. 

In  nost  tissues,  Che  tocopherol  concentrations  recorded  at  3 d after 
dosing  were  Che  largest,  but  the  various  tissues  responded  differently 
to  vltaein  E Injection.  Eraioination  of  the  tissue  data  3 d postdosing 
revealed  a strilcing  accusulation  of  injected  vitamin  E in  the  liver. 


initiation.  o-Tocopherol  concentrations  in  Che  remaining  tissues, 
also  3 d after  dosing,  shooed  a considerable  incresse  hut  to  a smaller 
degree.  The  contrasts  over  time  give 
plateau  had  been  reached,  hut  it  mist  be  kept  : 
significance  may  fail  to  he  achieved  because  of  large  vi 
Insufficient  data.  For  example,  for  Che  kidney  Che  meen  of  days  15  to 
23  is  not  different  (P>,05)  from  the  seen  at  day  10.  This  Indloatas 

3,  suggesting  a plateau  has  been  reached.  Hooever,  as  the  means 
continue  to  decrease  up  Co  and  including  day  23,  it  would  seen 
inappropriate  to  draw  this  conclusion,  Slnilarly.  Cha  significance 
tests  suggest  the  neck,  leg,  heart,  adrenal  and  pancreas  have  reached 
a plateau  by  3 d.  The  liver  and  lung  do  not  appear  to  have  reached  a 
plateau  by  IS  d,  however,  The  contrasts  suggest  the  spleen  hae 

There  were  particularly  low  values  recorded  for  one  anlnnl  at  d 
3.  Tietjen  and  Moore  (I972J  statistics  indicsted  this  vslue  was  an 
outlier  (P<.05)  for  liver,  spleen  and  lung  and  it  was  an  extreme 


0.117 


0.iI3 


®Heati  of  treatnoots  3,  6.  10.  15  and  28  (3-2B)  are  coopared  to  control  group  0. 


is™.:! 


IJ3 


obaervBtign  for  several  other  variables,  The  effect  it  has  on  the 
results  is  noted  in  Che  tables.  The  main  effect  of  its  ooiasion  was 
decrease  in  the  variances  and  an  increase  in  Che  values  at  d 3.  The 


result  is.  Che  contrast  tests  shift  the  plateau  to  d 6 Cor  the  neck, 
leg,  heart  and  adrenal  which  seems  quite  reasonable  studying  the 
means.  As  well,  the  Increase  at  d 28  becomes  significant  <P<.03)  for 
the  adrenal.  At  28  d.  the  skeletal  Buscles  and  kidney  had  Che  lowest 
values  among  the  various  tissues,  while  the  adrenal  ranked  first 
followed  by  the  pancreas. 

The  means  for  the  ratio  of  the  tissue  to  plasma  (t/p)  levels  are 
given  in  Table  7.4  and  the  associated  analysis  of  variance  in  Table 
7.5.  The  observations  at  d 3 did  not  fail  the  Tletjen  and  Hoore  test 
fP>.05)  for  any  variable.  However,  its  effect  has  been  noted  in  Che 
tables.  Here  there  is  no  effect  (P>.05)  over  time  for  the  neck  and 
heart.  While  the  overall  test  is  not  significant  (?>.05),  the 
contrast  of  d 3 Co  later  times  indicaCea  d 3 values  were  depressed  for 
these  two  tissues.  The  leg  date  show  a similar  pattern  although  the 
overall  time  effect  waa  significant  in  this  case.  After  a significant 


increase,  the  kidney  data  appear  to  achieve  a pleteau  by  d 6,  the 


adrenal  and  pancreas 


significant  tine  effect,  but  without 


In  Table  7.6,  summery  statistics  are  given  for  Che  four  anlmels 


recorded  chroughouc  che  esperiment.  These 


TABLE  7.4,  MEAKS  OT  -WE  RATIO  OF  TISSUE  TO  PLASMA  LEVELS  OF  o-TOCOPHEROL  AT 
TIME  OF  SLAUGHTER. 


Adrenal 
Pancreae  IB 


(5.78)  2 
(45.60)  21 
(8.14)  7 


(27.01) 

(38.15) 


2(»l  (.20N)'’ 
23H  (.21M) 


transforoed  scale  and  is  approxieace.  It  varies  with  the  naan,  M,  and  has  Seen 
expressed  in  terns  of  it. 

”The  values  in  parentheses  sre  the  results  when  one  outlier  was  ranoved. 
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TABLE  7.5.  PUSNA  TtJCOPHEIIOL  (l>g/ml)  VALUES  AND  SWUARIES  FOR  raOSE  ANIMALS 
SLAUGHTEREB  AT  28  DATS. 


SEM 


Day  2 
Day  3 


May loan 
conceacracian 
plasoa  (ug/ml) 


1.36S 


0.142 

0.132 


aaxinufti/cenaina]  plasma 


values  were  typical  of  those  recorded  lor  »11  the  animals  up  to  the 
time  of  their  slauBhcer. 

Discussion 

Liver  and  spleen  eere  characterised  by  a high  accuAulacion  of 
vitamin  £.  Similar  results  were  observed  la  the  liver  and  spleen  of 
rats  folloufnp  IP  dosing  with  a large  amount  of  vitamin  E [Peake  and 
Bieri.  1971).  This  route  of  administration  did  not  cause  any 
alteration  in  the  metabolism  of  vitamin  E.  Indeed,  Black  and  Bieri 
[1964)  demonstrated  chat  following  IP  dosing  of  rata  with  **C-d-o* 
tocopherol  the  radioactivity  recovered  in  the  liwera  was  an  unchanged 
m-tocopherol.  There  ia  an  increase  in  the  intensity  of  exchange  by 
Che  tissues,  metabolism  and  elimination  from  the  body  when  this 
vitamin  is  given  to  sheep  IP. 

The  important  uptake  of  vitamin  E by  Che  sheep  liver  supports  Che 
concept  chat  the  liver  is  a target  for  vitamin  E action.  Vitamin  E is 
delivered  Co  the  liver  via  the  portal  vein  and  returned  Co  the  rest  of 
Che  body  by  the  hepatic  vein.  According  to  Kayden  and  Traber  (19S7), 
there  must  be  mechsnisms  in  the  liver  for  the  regulation  of  tocopherol 
nto  lipoproteins,  its  storage  in  the  liver  and  for  its 

kid  poet  dosing  in  the  vitamin  E concentration  in  all 
n a decline.  The  greatest  rate  of  loss  occurred  In  Che 

Bieri  0972)  reported  that  all  tissuea  [except  depot 


excretion, 


in  vitamin  E. 


fat)  contain  0 labile  pool  ot  o> tocopherol , ehicb  nobilizea  rapidly, 
and  a fixed  compoaent  srMch  is  retained  for  long  periods. 

The  high  concentrations  of  vitasin  E in  the  liver,  spleen  and 
long,  3 d after  initiation  of  the  IP  adniniatration  to  sheep  are  in 
egreenent  with  the  results  of  Gallo-Torres  (1971)  in  rata  where  these 
organs  contained  high  levels  of  vitemin  E following  parenteral 
administration  of  this  vitamin,  In  tha  lung  very  high  concentrations 

supply.  The  high  tissue/plassa  (t/p)  ratio  observed  in  Che  adrenal 
and  pancreas  of  sheep  provided  with  IP  vitamin  E characterizes  the 
intensity  of  metabolism  in  these  organs.  Tikriti  at  al.  <1968) 

E activity.  The  heart  t/p  indicated  an  intermediate  vitamin  £ 
activity  while  in  Che  muscle  the  c/p  was  low.  This  night  indicate 
that  the  muscle  has  a different  mechanism  of  accioo  concerning 
handling  of  vitamin  E than  other  organs. 

Gallo-Torres  0962)  noted  chat  information  on  Che  face  of  vitamin 
E after  parenteral  adminiacratlon  is  scarce.  The  present  work 
provided  data  on  the  fate  of  a massive  single  IP  dose  of  vitemin  £ in 
the  body  of  aheep,  indicating  a differantial  handling  by  Che  various 
organs.  Judging  from  the  rasulcs  of  vitamin  E diacrlbutlon,  it 
appears  Chet  the  IP  method  is  a convenient  route  of  vitamin  E 
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Blood  plasma  end  tissue  vitamin  E uere  deceroined  in  cuenty-five 
crossbred  sheep  following  intraperitoneal  Injection  of  dl-o- 
cocopherol.  Five  sheep  were  used  as  controls  (no  treatment  and  killed 
at  d 0).  The  remaining  20  sheep  were  ednlnistered  Intraperltoneally 
with  S g of  dl-o-tocopherol.  From  these  twenty  vitamin  E dosed  sheep, 
four  were  slaughtered  at  each  of  d 3,  6,  10,  15  and  28  after  dosing. 
There  was  a significant  time  effect  for  ell  on  a-tocopherol 
concentrations  for  all  tissues.  In  most  tissues,  Che  peak  for  a- 
tocopherol  concentrations  was  observed  at  3 d post  dosing.  There  was 
a varied  rate  of  uptake  for  different  tlsauea  examined.  Three  d post 
IF  dosing,  a large  uptake  of  vitamin  E by  the  liver  was  noticed,  and 
this  eupporta  the  concept  of  the  hepatic  tissues  as  a target  organ  for 

the  spleen  and  lung.  Vitamin  E concentrations  in  the  remaining 
tissues  at  d 3 poet  doeing  showed  also  a considerable  Increase,  but  to 
a lesser  degree  than  those  in  liver,  spleen  and  lung.  A decline  of 
vitamin  E concentration  in  all  tissues  occurred  after  d 3.  This 
study,  through  the  use  of  contrasts  over  time  (d),  provided  some 
indication  of  when  a plateau  in  vitamin  E concentrations  had  been 
reached  for  each  individual  tissue  following  an  IP  dosing. 


CHAPTEB  8 

CCBERAL  CONCLUSIONS 


Five  experiioents  were  carried  out  Co  investisace  cl 
bioavBllabilicy  of  varioua  tocopherol  source 
the  effect  of  lode  of  adjiiinlstrstion.  Esperlnent  1 was  conducted  to 
investiBSte  the  bioavallsMlItj  of  d-o-totopherol  and  dl-a-tocopherol 
suspended  in  eeeasie  oil  solution  (200  ng/Bl)  and  adsiniscered 
intramuscularly  at  a rate  of  40  mg/Rg  body  weight.  In  all  sheep  given 
the  various  vitamin  E sources  by  intramuscular  oil  depot  injection,  a 
delayed  increase  In  plasma  o-tocopherol  levels  occurred.  Sheep 
administered  d-o-cocopherol  and  slaughtered  after  360  hr  had  a larger 
(Pd.Ol)  area  under  Che  plesras  concentration  time  curve  (AUC)  then 
sheep  injected  with  d-o*cocopherol  or  dl-n-tocopherol  and  killed  240 
hr  post  dosing.  A higher  plaana  C maxima  (Pd.Ol)  was  found  in  Che  d* 
o-tocopherol  group  than  in  the  others.  Pancreatic,  hepatic,  lung, 
spleen  and  muscle  o-tocopherol  concentrations  were  higher  (K.OS]  for 
this  group  chan  for  controls.  Tendencies  for  higher  (PP.OSj  tissue  o- 

admlnlstered  group  (360  hr)  chan  In  the  other  vitamin  E treated  rteep. 

Experiment  II  assessed  the  bioavailability  of  four  tocopherol 
sources  provided  orally  of  either  (1)  dl-o-tocopherol,  (2)  dl-o- 
tccopheryl  acetate,  (3)  d-o-tocopherol  or  (4)  d-o-cocopheryl  acetate 

higher  o-tocopherol  concentrations  (Pd.Ol)  were  found  in  the  heart  and 


In  ell  diets,  psncreas  contained  Che  highest  concentration  followed  b' 
the  liver  and  spleen.  Muscle  and  adipose  tissue  were  found  to  have 
the  lowest  (P<.05)  concentration  of  o-tocopherol , Sheep  provided  d-n. 


tocopherol  had  a larger  (P<.03) 
concentration  tine  curve  than  tl 
provialon  of  eOO  lU'a/d  of  the  ' 
was  found  that  d-o-tocopherol  wi 
1-isoneric  foms  of  vltaaln  E. 

In  experiment  III  heef  cowi 
IDOO  lU  of  various  tocopherol  st 


under  the  plasma  a*tocopherol 
er  groups.  Following  the 
.s  tocopherol  sources  to  sheep,  1 


provided  a dailf  oral  dose  of 
for  2d  d to  investigate  plasma 

(F<.01)  plastas  o-tocopherol  concentrstion  above  baseline  values,  d-o- 
tocopherol  and  its  corresponding  acetate  eater  increaeed  plasma  o- 
tocopherol  concentration  quicker  (P<.05)  than  the  racemic  products 
with  the  greatest  response  observed  with  d-o-tocopherol.  There  was  a 
wide  distribution  of  o-tocopherol  concentrstion  in  the  tissues. 

Across  ell  crestments.  the  highest  o-tocopherol  concentrations  were 
found  in  Che  adrenal  gland  and  liver  with  the  lowest  observed  in 
muscle  end  chjrroid  tissue.  Higher  o-cocopherol  c- 
found  in  the  adrenal  gland,  kidney  (P<.03),  Liver 

Co  sheep  Incraruminslly  OOO  mg/kg  b.w.)  or  cattl 


(SO  mg/kg  b.w,; 


19  a quicker  (P<.OS)  C 


a tendency  (P>.05)  Co  be  higher  in  the 
d3*o-tocopherol  than  in  Che  escer-dosed  group.  A higher  CP<.05) 
plasna  o^tocopherol  tolerance  curve  area  was  found  in  the  dl-a- 
Cocopherol  Chao  in  its  ester  fa 

revealed  a greoter  <P<.0S)  plasaia  tolerance  area  following  Che 
Bdolniscracion  of  dl-o-tocopherol  Chan  its  acetylaced  form. 

Eaperimenc  V waa  designed  Co  deterailne  plasma  and  tissue  e- 
cocopherol  concentrations  in  sheep  following  a 5 g dose  of  dl-o- 
Cocopherol  (water  based)  injected  intreperitoneally  followed  by  serial 
slaughterings.  A significant  time  effect  for  all  tissues  was  noticed, 
while  the  peek  for  o. tocopherol  concentrations  was  observed  3 d post 
dosing.  A varied  rate  of  uptake  of  o-tocopherol  was  noticed  with  Che 

showed  Che  least.  This  study  provided  an  indication  of  when  a plateau 
in  o-tocopherol  concentration  had  been  reached  for  each  Individual 
tissue.  Studies  reported  in  Chia  dissertation  Indicated  that  blood 
plasma  and  tissue  a-cccopherol  concentrations  were  influenced  by 
various  sources  of  vitamin  E as  well  ns  by  mode  of  administration  and 
its  type  of  vehicle,  higher  Indexea  of  bioavsllebilicy  were  observed 
In  favor  of  natural  e-tocopherol  than  synthetic  o.tocopherol  in  sheep 
and  cattle  dosed  with  equivslent  amounts  (ID).  Sheep  given  the 
vitamin  E preparetions  by  intramuscular  oil  depot  injection  resulted 


tocopherol  levels.  Coeparing  Che  ourrencl^r  accepted  biological 
potencies  (lU/iag)  provided  by  the  National  Fonnulary  C19S5)  for  the 
various  tocopherol  sources  Co  the  estimate  values  for  ruminants  ere  as 
follows  respectively:  d-o-cocopherol  (l.d9,  3.60);  d-a-locopheryl 
acetate  (1.36,  2.56);  dl-a-tocopherol  (1.1,  1.37),  The  results 
obtained  from  these  eaperiments  suggest  Chet  the  current  accepted 
biological  potencies  of  Che  various  tocopherol  sources  nay  he  Invalid 


form  of  o-tocopherol  had  a higher  bioavailabllicy  than  did  the 
synthetic,  chough  the  reaaon  (or  this  remains  unresolved. 


Further  research  in  ruminants  should  be  directed  towards 
identifying  the  potential  presence  of  specific  binding  proteins  in 
tissues  of  ruminants  which  have  been  shown  to  be  fairly  specific  for 
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